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Abstract 28 
The Cañadón Asfalto basin, central Chubut, Argentina, comprises a volcano-sedimentary sequence related to 29 
the opening of the Atlantic Ocean during Mesozoic times. The Lonco Trapial, Cañadón Asfalto and Cañadón 30 
Calcáreo formations are the main units related to the evolution of this basin. The Las Chacritas and Puesto 31 
Almada members are distinguished in the Cañadón Asfalto Formation. LA-HR-ICP-MS U-Pb and Lu-Hf data 32 
on zircon were obtained on these units. The Lonco Trapial Formation gave a weighted average age of 33 
172.3±1.8 Ma. A pyroclastic level from the Las Chacritas Member gave a weighted average age of 168.2±2.2 34 
Ma. Two U-Pb concordant ages of 160.3±1.7 Ma on a laminated tuffite and 158.3±1.3 Ma on a pyroclastic 35 
level were obtained for the Puesto Almada Member. Two maximum depositional ages constrain the 36 













controversial unit related either to the Cañadón Asfalto or to the Cañadón Calcáreo formation occurs, gave an 38 
age of 176.6±1.0 Ma. Two younger zircon crystals indicate that this unit may be related to the Cañadón 39 
Calcáreo Formation. 2) A sandstone with cross-stratification from the Puesto Almada Member gave a 40 
maximum depositional age of 173.6±6.4 Ma. In terms of U-Pb and Lu-Hf isotopes, two magmatic events are 41 
identified in central Patagonia: the Mamil Choique magmatic event characterized by negative εHf values 42 
around -5.0 and representing recycling during Permian times of Mesoproterozoic crust (TDM of ~1.5 Ga), and 43 
the Cañadón Asfalto magmatic event with negative (-8.2) to positive (+4) εHf values and Meso- to 44 
Neoproterozoic TDM between 1.5 and 0.8 Ga. The younger event is characterized by three main cycles: C1 45 
related to the Lonco Trapial magmatism, C2 to the Las Chacritas volcanism, and C3 to the Puesto Almada 46 
volcanism. These cycles are related with Marifil, Chon Aike and El Quemado formations volcanics events of 47 
Patagonia and the Neuquén Basin during the Mesozoic.  48 
 49 
1. Introduction  50 
Since the Triassic and during the Jurassic the Gondwana continent was generally 51 
affected by extension, which resulted in thinning of the lithospheric crust (e.g., Cortiñas, 52 
1996).  The basement was fragmented into rotated and basculated blocks, showing evidence 53 
of extensional phases with superimposed compressional faults (Figari et al., 1996), as in the 54 
Middle Chubut area of southern Argentina. Cuneiform basins developed that are delimited 55 
by profound normal and listric faults (ibid).  56 
One of these  (Figari and Courtade, 1993; Cortiñas, 1996) is the Early Jurassic Cañadón 57 
Asfalto basin in the southern part of the North Patagonian Massif (Argentina), to the north 58 
of the Deseado Massif, and to the east of the Subcordilleran Plutonic Belt (SPB, Fig. 1a) 59 
(Zaffarana and Somoza 2012). This basin is composed of asymmetric graben-type sub-60 
basins as a result of strong extensional activity (Figari et al, 1996; Silva Nieto et al., 2002a, 61 
b; Figari, 2005; Figari et al., 2015).  62 
The main lithostratigraphic units associated with the evolution of this basin (Fig. 1b, 2) 63 
are the volcanic Lonco Trapial Formation (Lesta and Ferello, 1972) and the continental 64 
volcano-sedimentary sequences of the Cañadón Asfalto (Stipanicic et al., 1968) and 65 
Cañadón Calcáreo formations (Proserpio, 1987).  66 
The Cañadón Asfalto Formation, that includes basalts and pyroclastic rocks intercalated 67 
with lacustrine-fluvio deltaic sequences, is particularly important, as it contains the most 68 
diverse continental Jurassic fossil record of South America in terms of vertebrate, 69 
invertebrate and plant remains (Rauhut, 2006; Escapa et al., 2008; Gallego et al., 2011; 70 
Cúneo et al., 2013). Cabaleri et al. (2010b) defined three sub-basins (Fig. 1b) known as the 71 
Cerro Cóndor (around the middle Chubut River), Fossati (southwest of Gan Gan village), 72 













formation has been variably constrained with paleontological data (Volkheimer et al., 2008; 74 
Cabaleri et al., 2010b; Gallego et al., 2011; Olivera et al., 2015) and stratigraphic 75 
relationships (Silva Nieto, 2005; Cabaleri et al., 2010a; Figari et al., 2015). 76 
Different geochronological data sets on the Lonco Trapial (Zaffarana and Somoza, 77 
2012), Cañadón Asfalto (Nullo, 1983; Silva Nieto, 2005; Salani, 2007; Cabaleri et al., 78 
2010b; Hauser et al., 2012; Cúneo et al., 2013; Hauser et al., 2014), and Cañadón Calcáreo 79 
(Cúneo et al., 2013) formations were used to elucidate the basin development. However, 80 
between the different groups working in this area, there is still a lack of agreement 81 
regarding: 1) the stratigraphic position for the base of the Cañadón Asfalto Formation, 2) 82 
the stratigraphic division of this formation, and 3) the stratigraphic relations between the 83 
Lonco Trapial, Cañadón Asfalto, and Cañadón Calcáreo formations, respectively.  84 
Regarding the first problematic, a basalt at the base of the Las Chacritas Member in the 85 
Cerro Cóndor sub-basin was given a Bajocian age (170 Ma, Salani, 2007), whereas Cúneo 86 
et al. (2013) reported a mid to late Toarcian to Aalenian (perhaps even Bajocian?) age for a 87 
tuff level. The age of the underlying Lonco Trapial Formation was variably constrained to 88 
the mid to late Toarcian and Aalenian (Nullo, 1983; Silva Nieto, 2005), Pliensbachian 89 
(Zaffarana and Somoza, 2012), or Pliensbachian and Toarcian (Cúneo et al., 2013).  90 
With respect to the stratigraphic division of the Cañadón Asfalto Formation (Lizuaín and 91 
Silva Nieto, 2005), some authors restrict this stratigraphic term only to the intercalated 92 
lacustrine, fluvio-deltaic and tuffaceous rocks defined first by Stipanicic et al. (1968). The 93 
division into two members made by Silva Nieto et al. (2003) and then followed by Cabaleri 94 
et al. (2010a) was based on the transitional contact between the lacustrine sequence and the 95 
fluvio-lacustrine sequence, whereby the former was assigned to the Las Chacritas Member 96 
and the latter to the Puesto Almada Member. The contact between these two members is 97 
well exposed to the south of Cerro Cóndor sub-basin (Fig. 1b). The problem to either assign 98 
the fluvio-lacustrine sequence to the Cañadón Asfalto Formation or to integrate it with the 99 
mainly fluvial sequence of the Cañadón Calcáreo Formation led some authors to create a 100 
new stratigraphic unit, the La Manea Formation (Figari, 2011). This formation outcrops in 101 
the Sierra de la Manea Range (in the following termed “La Manea Range”) in the Cerro 102 













The stratigraphic relation between the Lonco Trapial and Cañadón Asfalto formations 104 
was interpreted by Cabaleri et al. (2010a) as a discontinuity. Other authors (Figari et al., 105 
2015) interpreted a transitional contact from the upper part of the Lonco Trapial Formation 106 
to the lower part of the Cañadón Asfalto Formation. Concerning the contact between the 107 
Cañadón Asfalto and Cañadón Calcáreo formations, Volkheimer et al. (2009) discussed a 108 
tectonic contact in the eastern part of the Chubut River area. 109 
In order to assist with the clarification of the chronostratigraphy of the units related with 110 
the evolution of the Cañadón Asfalto basin, new LA-HR-ICP-MS U-Pb in zircon from 111 
volcanic units of the Lonco Trapial Formation, as well as the Las Chacritas and Puesto 112 
Almada members of the Cañadón Asfalto Formation, sampled in the Cerro Cóndor and 113 
Fossati sub-basins, were obtained for this contribution. The geochronological framework 114 
for the Cañadón Asfalto Basin can then be used to compare with the paleontological record 115 
of the different sedimentary sequences related with the evolution of the basin.  116 
Furthermore, the stratigraphic position of the volcano-sedimentary sequence that 117 
outcrops in the La Manea Range (Fig. 3) is currently doubtful due to the complexity of 118 
tectonic features in that region. A tuffaceous sample from this sequence has, thus, been 119 
investigated as well. At the La Manea Range locality and in the Fossati sub-basin, the 120 
potential sediment source areas have been characterized in order to discuss the tectonic 121 
evolution and magmatic events of central Patagonia.  122 
Hafnium isotope data on zircon crystals, from the volcanic and sedimentary sequences, 123 
previously dated by U-Pb were collected to better understand the regional geological 124 
evolution in terms of crustal reworking. An attempt is also made to correlate the volcanic 125 
units of the Cañadón Asfalto basin with the Mesozoic magmatic events recognized in 126 
Patagonia. 127 
 128 
2. Geological setting  129 
Figure 2 represents a stratigraphic column for the study area after Cabaleri et al. (2010a). 130 
The basement of the Cañadón Asfalto Basin is mainly formed by two magmatic units, the 131 
Cushamen Formation (Volkheimer, 1964) and the Mamil Choique Formation (Ravazzoli 132 
and Sesana, 1977). The Cushamen Formation is composed of metamorphic and intrusive 133 













Formation comprises migmatites and granitoids including tonalite (Sesana, 1968) of 135 
Permian-Triassic age (a K-Ar age of 250±5 Ma; López de Luchi and Rapalini, 2002; López 136 
de Luchi and Cerredo, 2008). Granitoids from the El Portezuelo-Llanquetruz and Fossati 137 
sub-basins and from the Pichiñanes Range (Fig. 1b) were dated to 318±2 Ma (Pankhurst et 138 
al., 2006). The main outcrop of the Mamil Choique Formation is located in the El 139 
Portezuelo-Llanquetruz sub-basin, near Gastre village (see Fig. 1). Scarce outcrops of this 140 
unit are observed to the east of the Pichiñanes Range and near El Escorial (Fig. 1b).  141 
The Mamil Choique Formation is unconformably overlain by the sedimentary sequences 142 
of the Las Leoneras Formation (Nakayama, 1973), the age of which this author assigned to 143 
the Hettangian to mid Toarcian, but that could also be Sinemurian to Pliensbachian (Cúneo 144 
et al., 2013) or Early Jurassic (Escapa et al., 2008). The Las Leoneras Formation, in turn, is 145 
unconformably overlain by Toarcian to Aalenian (Silva Nieto, 2005) mesosilicic lava flows 146 
of andesitic/basaltic composition, and by continental sedimentary rocks (Fig. 3) of the 147 
Lonco Trapial Formation (Lesta and Ferello, 1972). This formation was included into the 148 
Jurassic Large Igneous Province (LIP), the Chon Aike Province (Kay et al., 1989), 149 
straddling South America and the Antarctic Peninsula with a total volume of 235,000 km3 150 
(e.g., Pankhurst et al., 1998). As introduced by these authors, the principal silicic volcanic 151 
units in extra-Andean Patagonia are the Marifil and Chon Aike formations, and in the 152 
Andean Cordillera the El Quemado and Tobífera, as well as the Ibañez, formations in 153 
Argentina and Chile, respectively (Fig. 1a). 154 
In the study area (Fig. 1b), the Lonco Trapial Formation is separated from the younger 155 
volcano-sedimentary sequence of the Cañadón Asfalto Formation by a regional 156 
unconformity (Cabaleri et al., 2010a; Gallego et al., 2011) or exhibits a gradual contact 157 
(Figari et al., 2015). The Cañadón Asfalto Formation (Stipanicic et al., 1968), representing 158 
the main infill of the basin, was divided into the Las Chacritas and Puesto Almada 159 
members (Silva Nieto et al., 2003; Cabaleri et al., 2010a and Gallego et al., 2011).Other 160 
authors (Cúneo et al., 2013; Figari et al., 2015) prefer to restrict the Cañadón Asfalto 161 
Formation only to the lower part of the unit. In this work, we follow the twofold 162 
stratigraphic division proposed by Cabaleri et al. (2010a). 163 
The three sub-basins defined by Cabaleri et al. (2010a) have similar tectonic and 164 













(Fig. 3; Cabaleri and Armella, 1999; Cabaleri et al., 2005, 2010a, 2013). Locally, this 166 
transition may be truncated by a very smooth angular unconformity, as mentioned by 167 
Scasso et al. (2013). Also, diachronism between different sub-basins of the Middle Chubut 168 
River and Gastre-Gan Gan areas was recognized (Silva Nieto et al., 2007). These sub-169 
basins record a complete continental sedimentary sequence (Cabaleri et al., 2010a) - 170 
including rift phases (Figari et al., 2015), each of which is coeval with acid and basic 171 
volcanism (Uliana et al., 1985; Zaffarana et al., 2013).  172 
Located in the southwestern part of the Cañadón Asfalto basin near Cerro Cóndor 173 
village (Fig. 1b), the Cerro Cóndor sub-basin is limited to the west by the Lonco Trapial 174 
Range (type locality for the Lonco Trapial Formation). In this sub-basin, the Las Chacritas 175 
Member is characterized by lacustrine sediments (Cabaleri and Armella, 2005; Cabaleri et 176 
al., 2010a) interbedded with pyroclastic deposits. Olivine basalt flows, sills and dykes 177 
(Cabaleri et al., 2010a) are common at the base of the unit (Fig. 3).  178 
The lacustrine levels are composed mainly of silicified limestones with chert nodules, 179 
limestones with planar stromatolites, algal boundstones, conglomerates, sandstones, 180 
siltstones, black shales, claystones, and evaporites (Cabaleri et al., 2005, 2010a). 181 
Limestones with mudcracks and symmetric ripple cross-stratification occur frequently at 182 
the top of this member. In the same section occur well-sorted, fine-grained sandstones with 183 
planar cross-stratification and bioturbation that alternate with tuffaceous sandstones, and 184 
very fine-grained, massive, yellowish-grey to white, silicified tuffs that have been 185 
associated with fluvial channel systems (Silva Nieto et al., 2002b; Cabaleri et al., 2010a). 186 
At the Las Chacritas creek locality (Figs. 1b and 3), hyperpicnic flow deposits with 187 
vertebrate remains are observed in the middle section of this member (Cabaleri and 188 
Armella, 1999).  189 
The succession of the Las Chacritas Member is relevant by fossil content (Fig. 3). This 190 
includes spinicaudatans (Tasch and Volkheimer, 1970; Vallati, 1986; Gallego and Cabaleri, 191 
2005), bivalves (Martínez et al., 2007), ostracodes (Musacchio, 1995), palynomorphs 192 
(Volkheimer et al., 2008), as well as megaflora (Escapa, 2009) and vertebrates (Rauhut et 193 
al., 2002; Rauhut, 2005, 2006; Rougier et al., 2007; Sterli, 2008; Sterli et al., 2010; Gaetano 194 













and ostracod associations support an early Bajocian to early Bathonian age for this member 196 
(Musacchio, 1995, 2001; Martínez, 2002; Volkheimer et al., 2008; Cabaleri et al., 2010a). 197 
The upper part of the Cañadón Asfalto Formation was named the Puesto Almada 198 
Member. Some authors have related this member to the Cañadón Calcáreo Formation 199 
(Cúneo et al., 2013; Zavattieri et al., 2010; Figari et al., 2015), indicating that these two 200 
units could be at least partially equivalent. In the type profile, the Cerro Bandera locality 201 
(Fig. 3), the Puesto Almada Member consists of tuff and tuffite levels interbedded with 202 
dark-grey limestones with ripple cross-stratification and mudcracks. They are interbedded 203 
with thin shale and grey claystone beds that contain spinicaudatans. In the lower section of 204 
the unit, grey tuff and tuffites, limestones, rhythmites with fish remains, and medium- to 205 
coarse-grained sandstones with carbonatic cement and planar cross-stratification occur 206 
(Cabaleri et al., 2010a). 207 
At the top of the section occurs an intercalation of sandstones with silicified tree trunks 208 
in life position (Cabaleri et al., 2010a). Tuffs, sandy tuffites, and red, laminated sandstones 209 
and rhythmites with fish remains (López-Arbarello, 2004; López-Arbarello et al., 2013) 210 
cover these sandstones. The Puesto Almada Member has been bracketed between the 211 
Callovian and the Tithonian (Cabaleri et al., 2010b; Gallego et al., 2011; Hauser et al., 212 
2012), which is supported by dinosaur remains, ostracods and spinicaudatan associations 213 
from the Late Jurassic (Musacchio et al., 1990; Musacchio, 1989, 1995, 2001; Rich et al., 214 
1999; Rauhut et al., 2005; Gallego et al., 2011; Monferran et al., 2013).  215 
In the Fossati sub-basin, the Las Chacritas member is constituded entirely of limestones 216 
and basalts, and the Puesto Almada member shows similar lithological characteristics as 217 
found in the Cerro Cóndor sub-basin (Fig. 3). Details of the sedimentary environments in 218 
these sub-basins were presented by Cabaleri and Benavente (2013) and Cabaleri et al. 219 
(2013).  220 
In the Puesto Almada Member spinicaudatans (Gallego et al., 2010; Monferran et al., 221 
2013), bivalves (Martínez et al., 2007), gastropods (Gallego et al., 2011), ostracods 222 
(Musacchio, 1995; Ballent and Díaz, 2011), and Trichoptera (Caddisflies) (Gallego et al., 223 
2011) were identified. The vertebrate content includes tetrapods, amphibians, turtles, 224 
dinosaurs, and mammals (Bonaparte, 1979a, b; Rich et al., 1999; Sterli, 2008; Rauhut et al., 225 













et al., 2008; Pol and Rauhut, 2012), and fish remains (Bochino, 1967; Bordas, 1943; López 227 
Albarello et al., 2013). The member also includes megaplants (equisetaleans, ferns, and 228 
conifers - Frenguelli 1949; Cortés and Baldoni, 1984; Escapa et al., 2008) and gymnosperm 229 
and cheirolepidiacean pollen grains (Cabaleri et al., 2013). 230 
The age of the Cañadón Calcáreo Formation has been debated for a long time. 231 
Volkheimer et al. (2009) on the basis of palynological evidence placed this entire formation 232 
into the Lower Cretaceous between the Berriasian and Hauterivian (Fig. 2), whereas Cúneo 233 
et al. (2013) proposed an Oxfordian-Kimmeridgian, perhaps even Tithonian, age. The main 234 
difference between Cañadón Asfalto and Cañadón Calcáreo formations is the nearly total 235 
absence of calcareous rocks and the relatively weaker faulting and folding in the Cañadón 236 
Calcáreo Formation. Proserpio (1987) proposed that to the east of the Chubut River, these 237 
two formations, occurs in tectonic contact. Both the Cañadón Asfalto and the Cañadón 238 
Calcáreo formations have an angular unconformity to the overlying Los Adobes and Cerro 239 
Barcino formations of the Chubut Group of Barremian to Santonian age (Lesta, 1968; 240 
Codignotto et al., 1979; Marveggio and Llorens, 2013). The main difference of the 241 
Cañadón Calcáreo Formation from the upper Chubut Group is that the latter was not 242 
affected by synsedimentary deformation (Proserpio, 1987). 243 
The Cretaceous Chubut Group is composed of pelite, sandstone, conglomerate, tuff, and 244 
tuffite of continental origin, deposited during a phase of tectonic stability or thermal 245 
subsidence (sag stage; Ranalli et al., 2011). Above the Chubut Group several formations 246 
occur (Fig. 2): The Campanian sequences of the Lefipán Formation (Lesta and Ferello, 247 
1972) are represented by fossiliferous sandstone, siltstone, and claystone of an estuarine 248 
environment. Campanian to Maastrichtian sandstones and quartzitic conglomerate of the 249 
Paso del Sapo Formation (Lesta and Ferello, 1972) correspond to littoral marine 250 
environments and braided rivers of delta plains (Page et al., 1999). The Salamanca 251 
Formation (Lesta et al., 1980) of Maastrichtian to Paleocene age is composed of sandy 252 
limestones and shell beds representing shallow marine environments.  253 
The Eocene to Miocene is represented by tuffs and yellowish-white, sandy tuffites of the 254 
Sarmiento Group (Simpsom, 1941). Outcrops of Miocene basalt of the El Mirador 255 
Formation (Volkheimer, 1964) are recognized along the northern to middle Chubut River 256 













North Patagonian Cordillera (Rapela et al., 1988). The Quaternary is represented by old 258 
piedmont and colluvial deposits accumulated by mass wasting, as well as alluvial and 259 
eolian deposits (Fig. 2). 260 
 261 
3. Samples and methods  262 
3.1 Characteristics of the analyzed samples 263 
U-Pb and Lu-Hf isotope data for zircon grains were obtained for samples of the 264 
stratigraphic units related to the evolution of the Cañadón Asfalto basin. The data are 265 
compiled in Tables 1 and 2. Four stratigraphic units were sampled in the Cerro Cóndor sub-266 
basin:  267 
Sample LT-CT-1 (43º 30´ 59´´ S and 69º 23´ 05´´ W) is a volcanic breccia collected in 268 
the Lonco Trapial Range section, at the type locality Puesto César Torres (Figs. 1b and 3). 269 
The sample was collected to better constrain the age of the base of the Cañadón Asfalto 270 
Formation. In this area the Lonco Trapial Formation is represented by central volcanic 271 
edifices (Fig. 4a). The outcrop of LT-CT-1 consists of a purplish-gray volcanic breccia, 272 
characterized by pink clasts of andesitic composition (Fig. 4a inset) enclosed in a gray 273 
groundmass of the same composition. In thin section, the rock is composed by plagioclase, 274 
quartz, and biotite phenocrysts in groundmass of the same mineralogy. Thirty-three zircon 275 
crystals, mostly short or long prismatic, up to 500 µm in length (Table 1), with magmatic 276 
zonation and some inherited cores (Fig. 5c), were analyzed for their U-Pb isotopic 277 
compositions. 278 
Sample CAV-40 (43º 30´ 22.57´´ S and 69º 10´ 33.7´´ W) was taken in the middle 279 
section of the Las Chacritas Member from the lower part of the Cañadón Asfalto Formation 280 
in the Asfalto Creek locality (Fig. 3). It is a pyroclastic level of about 20 cm thickness that 281 
occurs 10 m below the basal olivine basalt with columnar structure (Fig. 4b). The sample is 282 
characterized by angular vitroclastics (shards and pumice fragments), cristalloclastics, and 283 
plant remains that are concentrated along the top of the stratum. Sixteen euhedral and long 284 
to normal prismatic zircon crystals (Table 1), up to 450 µm in length with magmatic 285 
zonation (Fig. 5d), were analyzed for their U-Pb isotopic compositions.  286 
Sample SCN-2 (43º 16´ 49.2” S and 69º 07´ 45.3” W) was collected from the Puesto 287 













tuffite level (Fig. 4c) of approximately 40 cm thickness (Gallego et al., 2011). The base of 289 
the profile lies on the Lonco Trapial Formation (Fig. 3) with an erosional unconformity; the 290 
contact with the overlying unit was not observed. Eight mostly prismatic zircon crystals, up 291 
to 150 µm in length (Table 1) with magmatic zonation (Fig. 5d), were analyzed for their U-292 
Pb isotopic compositions.  293 
Sample LA-Manea-1 (42° 48' 09.7" S and 68° 29' 1.5" W) is a tuffaceous sandstone 294 
(Fig. 4d) from the La Manea Range locality. As pointed out above, the sampled unit (Fig. 295 
3) has been variably related to the Cañadón Calcáreo Formation (Prosepio, 1987; Figari et 296 
al., 2015) or the Puesto Almada Member of the Cañadón Asfalto Formation (Cabaleri et al., 297 
2010a; Cabaleri et al., 2011). The zircon crystals collected from this sample are up to 400 298 
µm in length, long to short prismatic (Table 1), and generally subrounded (Fig. 6c, inset). 299 
In order to constrain the maximum depositional age for this controversial unit, thirty-nine 300 
U-Pb analyses on single zircon grains were carried out. 301 
For the Fossati sub-basin it was only possible to analyze the Puesto Almada Member, 302 
because in this area the Las Chacritas Member is entirely made up of a limestone 303 
succession. The Puesto Almada Member has been identified at the Cerro Bandera locality 304 
(Fig. 1b), 7.5 km to the east-northeast of Estancia Fossati (Cabaleri et al, 2013). Here, the 305 
formation is covered unconformably by Cretaceous fluvial deposits of the Chubut Group. 306 
Two samples (Fig. 3) were collected for U-Pb zircon analysis (Table 1) : CAF-8 and CAF-307 
6.  308 
Sample CAF-8 (42° 48’ 16.72” S and 68° 28’ 51.55” W) was derived from a 60 cm 309 
thick, whitish, cross-bedded pyroclastic level (Fig. 4f). The zircon crystals from this sample 310 
are up to 400 µm in length, euhedral, and long-prismatic (Fig. 5h). 311 
Sample CAF-6 (42º 48´ 58.7´´ S and 68° 29’ 58.28´´ W) corresponds to a whitish, 312 
medium-grained sandstone with cross-stratification (Fig. 4e). This sample was obtained 20 313 
meters beneath the CAF-8 level. The zircon grains are subrounded to long/short prismatic 314 
and up to 300 µm in length (Fig. 6d inset). This sample was collected to determine the 315 
maximum age of deposition and to constrain the provenance during deposition of the 316 
Puesto Almada Member.  317 
For every sample, representative zircon grains/crystals were analyzed for their Hf 318 














3.2 Separation and preparation procedures 321 
Zircon concentrates were extracted from 1-10 kg rock samples by panning at different 322 
sizes (100 to 400 µm) and magnetic separation using a Frantz isodynamic separator. After 323 
separation, the grains were placed on epoxy mounts, polished to approximately half 324 
thickness, and characterized by back-scattered electron and cathodoluminescence imaging 325 
using a JEOL QUANTA 450 scanning electron microscope at the Laboratory of 326 
Geochronology of Brasilia University. The images provided the basis for selecting 327 
locations for laser ablation analysis. The mounts were cleaned with 3% nitric acid before 328 
analysis. 329 
 330 
3.3 U-Pb and Lu-Hf LA-MC-ICP-MS analysis 331 
U-Pb and Lu-Hf isotopic analyses were performed on zircon using a Thermo-Fisher 332 
Neptune HR-MC-ICP-MS coupled with a Nd:YAG UP213 New Wave laser ablation 333 
system, also at the Laboratory of Geochronology of the University of Brasilia. The U-Pb 334 
analyses (Table 1, Fig. 5, 6 and 7) were carried out by the standard-sample bracketing 335 
method (Albarède et al., 2004) using the GJ-1 standard zircon (Jackson et al., 2004) in 336 
order to quantify the amount of ICP-MS fractionation. The tuned masses were 238, 207, 337 
206, 204 and 202. The integration time was 1 second and the ablation time was 40 second. 338 
A 30 µm spot size was used and the laser setting was 10 Hz and 2-3 J/cm2. Two to four 339 
unknown grains were analyzed between GJ-1 analyses. 206Pb/207Pb and 206Pb/238U ratios 340 
were time corrected. On smaller zircon crystals (about 50 µm), single-spot laser-induced 341 
fractionation of the 206Pb/238U ratio was corrected using the linear regression method 342 
(Košler et al., 2002). The raw data were processed off-line and reduced using an Excel 343 
worksheet (Buhn et al., 2009). During the analytical sessions the zircon standard Temora-2 344 
(Black et al., 2004) was also analyzed as an unknown. 345 
Common 204Pb was monitored using the 202Hg and (204Hg+204Pb) masses. Common Pb 346 
corrections were not done due to very low signals for 204Pb (< 30 cps) and high 206Pb/204Pb 347 
ratios. Reported errors are propagated by quadratic addition [(2SD^2+2SE^2)1/2] (SD = 348 
standard deviation; SE = standard error) of external reproducibility and within-run 349 













repeated analyses (n=20, ~1.1 % for 207Pb/206Pb and up to ~2 % for 206Pb/238U) of the GJ-1 351 
zircon standard during the analytical sessions, and the within-run precision is the standard 352 
error calculated for each analysis. Concordia diagrams (2σ error ellipses) and weighted 353 
average ages were calculated using the Isoplot-3/Ex software (Ludwig, 2003). The geologic 354 
time scale applied follows that of Cohen et al. (2013; updated). 355 
Zircon crystals previously analyzed for U-Pb isotopes and that show concordant to 356 
slightly concordant data (concordance of 6/8 and 7/5 ages between 90 and 110%) were 357 
selected for Lu-Hf analysis (Table 2, Fig. 7c). Lu-Hf isotopic data were collected over 40-358 
50 seconds of ablation time and using a 40-50 µm spot size. Measurement spots were 359 
carefully positioned in the same growth area but not onto the same spot analyzed for U-Pb 360 
data. The signals of the interference-free isotopes 171Yb, 173Yb and 175Lu were monitored 361 
during analysis in order to correct for isobaric interferences of 176Yb and 176Lu on the 176Hf 362 
signal. The 176Yb and 176Lu contributions were calculated using the isotopic abundance of 363 
Lu and Hf proposed by Chu et al. (2002). Contemporaneous measurements of 171Yb and 364 
173Yb provide a method to correct for mass-bias of Yb using a 173Yb/171Yb normalization 365 
factor of 1.132685 (Chu et al., 2002). The Hf isotope ratios were normalized to 179Hf/177Hf 366 
of 0.7325 (Patchett, 1983).  367 
Before the Hf isotope measurements, replicate analyses of a 200 ppb Hf JMC 475 368 
standard solution doped with Yb (Yb/Hf=0.02) were carried out (176Hf/177Hf=0.282162±13 369 
2s, n=4). During the analytical sessions, replicate analyses of the GJ-1 standard zircon were 370 
executed obtaining an average 176Hf/177Hf ratio of 0.282006±16 (2σ; n=25), in good 371 
agreement with the reference value for the GJ standard zircon by Morel et al. (2008). 372 
Hf(t) was calculated using the decay constant λ=1.865*10-11 proposed by Scherer et al. 373 
(2006) and the 176Lu/177Hf and 176Hf/177Hf CHUR values of 0.0332 and 0.282772 proposed 374 
by Blichert-Toft and Albarède (1997). Two-stage model ages (TDM) were calculated from 375 
the initial Hf-isotopic composition of the zircon, using an average crustal Lu/Hf ratio 376 
(Nebel et al., 2007; Gerdes and Zeh, 2009). The values of 176Lu/177Hf = 0.0384 and 377 
176Hf/177Hf = 0.28325 were used for depleted mantle (Chauvel and Blichert-Toft, 2001), 378 
and 176Lu/177Hf = 0.0113 for average crust (Taylor and McLennan, 1985; Wedepohl, 1995). 379 
The initial Hf composition of zircon represents the 176Hf/177Hf value calculated for the 380 













concordance of 6/8 and 7/5 ages between 90 and 110%), the 206Pb/238U and 207Pb/206Pb ages 382 
were used for the recalculation of Hf isotopic compositions at <1 Ga and >1 Ga grains, 383 
respectively. 384 
 385 
4. Results 386 
4.1. Cerro Cóndor sub-basin  387 
Lonco Trapial Formation  388 
The youngest zircon population of sample LT-CT-1 shows (Fig. 5a, 7a) a continuous 389 
trend of concordant U-Pb ages from 179 to 166 Ma (in gray in Table 1). A weighted 390 
average 206Pb/238U age of 172.3±1.8 Ma (MSWD=37) is interpreted as the crystallization 391 
age for this unit (Fig. 5a inset). The inherited populations, mostly subrounded grains, are 392 
represented by Cambrian-Neoproterozoic crystals. Five zircon crystals (with ages between 393 
166 and 174 Ma) yielded εHf from -2 to +0.9, with Mesoproterozoic TDM of 1.2-1.0 Ga. 394 
Two older (536, 580 Ma) crystals have positive εHf (about +2) and also Mesoproterozoic 395 
TDM of 1.3 Ga (Fig. 7c). 396 
 397 
Las Chacritas Member 398 
Fifteen zircon crystals from sample CAV-40 show a continuous concordant to slightly 399 
discordant age trend between 164 Ma and 183 Ma (Fig. 5b and 7a). The nine younger 400 
crystals gave a weighted average 206Pb/238U age of 168.2±2.2 Ma (MSWD=2.4), which can 401 
be interpreted as the crystallization age. Only one zircon has a slightly older age of ca. 230 402 
Ma, due to inheritance from an older source. Seven magmatic zircon crystals (with ages 403 
between 164 and 174 Ma) yielded negative εHf values between -9.2 and -6.6 and 404 
Mesoproterozoic TDM between 1.6 and 1.4 Ga (Fig. 7c), whereas one zircon with an age of 405 
174 Ma has a negative εHf value of -8.4 and also a Mesoproterozoic TDM of 1.5 Ga.  406 
 407 
Puesto Almada Member 408 
The analyzed crystals from sample SCN-2 show concordant to nearly concordant ages 409 
between 159 and 182 Ma (Fig. 5g and 7a). Four euhedral and prismatic crystals (in gray in 410 
Table 1) gave a concordant age of 160.3±1.7 Ma (MSWD=3.1), which is interpreted as the 411 













grains yielded slightly positive εHf values of 0.6 and 0.1 and Meso- to Neoproterozoic TDM 413 
of ~1.0 Ga. One older zircon (Z5: 177 Ma) yielded a negative εHf value of -1.6 and 414 
Mesoproterozoic TDM of 1.1 Ga (Fig. 7c). 415 
 416 
The La Manea Range  417 
The data for La Manea-1 correspond to a continuous zircon age distribution with 418 
populations crystallized between 171 and 206 Ma (97% of the grains), with two main peaks 419 
at 177 and 187 Ma (Fig. 6a and 7a). Two younger zircon crystals with ages of 165 and 156 420 
Ma were also analyzed. The weighted average 206Pb/238U age for the twenty younger grains 421 
(not including the two youngest one) is 176.6±1.0 Ma (MSWD=1.5) - interpreted as the 422 
maximum depositional age of this unit. Twenty-four zircon grains representative of the 423 
main U-Pb age populations were analyzed for their Lu-Hf isotopic compositions (Table 2). 424 
Zircon grains with ages between 172 and 224 Ma show variable εHf values from -16.1 to 425 
+1.3 (compare Fig. 7c), with TDM between 1.9 and 0.9 Ga.  426 
 427 
4.2. Fossati sub-basin 428 
Puesto Almada Member 429 
Eleven long-prismatic zircon crystals (Fig. 5h) from sample CAF-8 gave a concordant 430 
age of 158.3±1.3 Ma (MSWD=0.52), which is interpreted as the crystallization age for this 431 
pyroclastic level (Fig. 5f). Seven magmatic zircon crystals with ages between 153 and 160 432 
Ma show negative εHf values between -5.6 and -0.2, with Mesoproterozoic TDM from 1.3 to 433 
1.1 Ga (Fig. 7c). 434 
From the twenty-five zircon grains analyzed from sample CAF-6, five grains with 435 
concordance below 88 % were discarded (Table 1). In terms of shape and other 436 
characteristics, several types of grains were identified (Fig. 6d inset): long, euhedral and 437 
prismatic, short and prismatic, fractured, subhedral and prismatic, and subrounded crystals 438 
(Fig. 6d inset and Table 1). There is no obvious correlation between these characteristics 439 
and the obtained age populations.  440 
The 20 concordant zircon data (concordance between 88-110%) form a bimodal zircon 441 
age distribution, with the main population (50 %) yielding two peaks at ~287 and 303 Ma 442 













172 and 185 Ma. Scattered ages (25 % of grains) between 359 and 418 Ma were also 444 
obtained. The weighted average 206Pb/238U age (Fig. 6f) for the three youngest grains (Z28, 445 
5 and 6 and gray in Table 1) gave a maximum depositional age of 173.6±6.4 Ma 446 
(MSWD=1.7).  447 
Grains from the main population (between 287 and 305 Ma) have εHf of -6.0 to -3.5 448 
values and Mesoproterozoic TDM of 1.5-1.3 Ga (Fig. 7c); those from the second population 449 
display positive to negative εHf values between -2.2 and +4.0 and TDM between 1.9 and 0.8 450 
Ga. Four Devonian zircon crystals gave negative εHf values between -4.8 and +0.3, with 451 
TDM between 1.5 and 1.2 Ga. 452 
 453 
5. Discussion 454 
5.1 Age constraints for the lithological units of the Cañadón Asfalto basin  455 
For the Lonco Trapial Formation a continuous range of concordant U-Pb data on zircon 456 
between 180 and 164 Ma was obtained. The twenty younger crystals display a weighted 457 
average age of 172.3±1.8 Ma that is interpreted as the crystallization age for the Lonco 458 
Trapial Formation at its type locality. The analyzed zircon crystals have magmatic 459 
zonation, and some of them display inherited cores, a possible reason for the observed data 460 
scatter.  461 
Interestingly, Pankhurst and Rapela (1995) obtained a similar age (169±6 Ma, Rb-Sr 462 
age) on a rhyolite intercalated with the Lonco Trapial Formation in the Río Chubut area. 463 
Several K-Ar ages were obtained on bulk rock samples from different locations of this 464 
widely distributed Patagonian unit, at 176±4 Ma (Stipanicic and Bonetti, 1970), 167±5 Ma 465 
(Lesta et al., 1980), and 173±9 Ma (Silva Nieto, 2005). More recently, a 40Ar/39Ar age of 466 
ca. 185 Ma (Zaffarana and Somoza, 2012) was obtained for a sample from north of the 467 
study area. Cúneo et al. (2013) bracketed the age for this unit between 189 and 177 Ma 468 
(Pliensbachian-Toarcian).  469 
Our new U-Pb age (172.3±1.8 Ma) for a volcanic breccia from the Lonco Trapial 470 
Formation in its type locality, allows to extend this Jurassic volcanic event to the Bajocian. 471 
This result also provides a new age for the base of the Cañadón Asfalto Formation.  472 
The CAV-40 sample from the Cerro Cóndor sub-basin gave a U-Pb weighted average 473 













similar to a K-Ar age of 170±4 Ma obtained for the oldest basalt of this unit (Salani, 2007) 475 
- and younger than a U-Pb age of 178.766±0.092 Ma (Cúneo et al., 2013). These authors (p. 476 
1269) stated that the dated sample “is from a distinct, 10 cm-thick tuff bed in the 477 
stratigraphic interval between the two lower basalt flows of the lower Cañadón Asfalto 478 
Formation (transition with the underlying Lonco Trapial Formation) at the Cañadón 479 
Lahuincó locality in the Cerro Cóndor area”. As is obvious from Figure 7a, the concordant 480 
and nearly concordant U-Pb zircon data for the Lonco Trapial Formation and the Las 481 
Chacritas Member overlap strongly.  482 
The two ages obtained for the Puesto Almada Member, one for a tuffite level in the 483 
Cerro Cóndor sub-basin (SCN-2: 160.3±1.7 Ma) and another for a pyroclastic level in the 484 
Fossati sub-basin (CAF-8: 158.3±1.3 Ma) (Table 1), are very similar within analytical 485 
errors, indicating an average age of ~159 Ma for the upper part of the Cañadón Asfalto 486 
Formation. 487 
Similar ages were obtained by Cúneo et al. (2013) for tuff samples from the Cañadón 488 
Calcáreo Formation. Taking into account that these authors do not subscribe to the division 489 
of the Cañadón Asfalto Formation into two members (Las Chacritas and Puesto Almada; 490 
Cabaleri et al., 2010b), the synchronicity of their and our ages does not exclude the 491 
possibility that the samples were taking from thesame, continuous sequence. However, as 492 
Cúneo et al. (2013) did not provide a detailed stratigraphic profile for the sampling site, this 493 
possible correlation can, at this point, not be verified. Volkheimer et al. (2009) interpreted 494 
field evidence to indicate the presence of a tectonic contact between the Puesto Almada 495 
Member and the Cañadón Calcáreo Formation at the type locality. This locality is 496 
obviously of crucial importance for any interpretation of the chronostratigraphy of the 497 
sequence under investigation, and further geochronological work will be concentrated on 498 
this. 499 
Taking into account the K-Ar age of 147±3.3 Ma (Cabaleri et al., 2010a) for a tuff level 500 
at the Punta Biotita locality, some 1000 m west of the Estancia El Torito locality (López-501 
Albarello et al., 2013), the current age range for the Puesto Almada Member embraces the 502 
period from the Oxfordian to the Tithonian (Fig. 8). The fauna of the La Manea locality 503 
includes the spinicaudatan Congestheriella rauhuti (Gallego et al., 2010), and fish species, 504 













Arbarello et al., 2013; Monferran et al., 2016). This fossil record is also consistent with an 506 
Oxfordian to Tithonian age. 507 
 508 
5.2 Fossil constraint  509 
In addition to the U-Pb data (Table 1) there is paleontological evidence for the areas 510 
studied here, which is summarized in Figure 8. This paleontological evidence may be 511 
useful in assessing correlation between study sites and controversy with respect to 512 
stratigraphic interpretation.  513 
The fossil record of the Asfalto Creek locality comprises spinicaudatans ?Euestheria 514 
taschi (Vallati, 1986) (Eosestheriidae), ‘Lioestheria’ patagoniensis (Tasch and Volkheimer 515 
1970) (Triglyptidae); Darwinuloid ostracods and bivalves (Cabaleri et al., 2010a; 516 
Monferran, 2015). Other records for the fauna of the Las Chacritas Member comprise 517 
species of Euestheriidae, Eosestheriidae, and Anthronestheriidae that support an age that 518 
cannot be much younger than Early Jurassic to early Late Jurassic (Cabaleri et al., 2010a; 519 
Monferran, 2015). The new U-Pb datum of 168.2 Ma for sample CAV-40 supports an 520 
extension of this association to the Middle Jurassic (Bajocian-Bathonian). 521 
This fauna is also related to the Middle Jurassic (Bajocian-Bathonian) Euestheria 522 
ziliujingensis fauna (=Triglypta-Qaidamestheria) from China (Li and Masuoka, 2012), the 523 
Skyestheria fauna (Bathonian or Callovian, Great Estuarine Group) from Scotland (Chen 524 
and Hudson, 1991), and the Carapacestheria fauna from the late Early Jurassic to basal 525 
Middle Jurassic of the Ferrar Group from Antarctica (Chen, 1994). 526 
Based on the ostracod association of Penthesilenula magna-P. sarytirmenensis and 527 
charophytes, Musacchio (1995), offered an age range from the Lower Jurassic to Middle 528 
Jurassic for the levels close to the La Angostura creek, south of the Cerro Cóndor locality, 529 
that corresponds to the Lahuincó Creek locality (see profile description in Volkheimer et al, 530 
2008). This association is characteristic for the Middle Jurassic of northern China 531 
(Musacchio, 1995, 2001; Pang and Chen, 1996). Volkheimer et al. (2008) studied also 532 
palynomorphs from black shales at the Lahuincó Creek locality and noted that these 533 
morphospecies belong to the Microcachryidites castellanosii sub-biozone defined by 534 













The fossil record of the Puesto Almada Member at the La Sin Rumbo locality comprises 536 
the spinicaudatan Wolfestheria smekali (Monferran et al., 2013) (Fushunograptidae), the 537 
ostracods Penthesilenula sarytirmanensis Sharapova, Theriosynoecum barrancalensis 538 
minor (Musacchio et al., 1990), and Mandelstamia sp., bivalves cf. Diplodon, and insect 539 
remains. The Wolfestheria species (Fushunograptidae - Monferran et al., 2013) from the 540 
Puesto Almada Member resembles the components of the Late Jurassic “Eosestheriopsis 541 
fauna” from the Oxfordian-Kimmeridgian of southwestern China and the Qinghaiestheria-542 
Mangyalimnadia fauna of the Kimmeridgian of northwestern China (Li and Matsuoka, 543 
2012). Also, two ostracod species Theriosynoecum barrancalensis minor (Musacchio et al., 544 
1990) and Penthesilenula sarytirmenensis Sharapova recorded in the Puesto Almada 545 
Member belong to the Theriosynoecum barrancalensis Zone of the Late Jurassic 546 
(Oxfordian-Tithonian; Musacchio, 1989, 2001). On the other hand, the presence of 547 
Congestheriella rauhuti (Afrograptidae) supports previous ideas about the Late Jurassic to 548 
Early Cretaceous age of the Puesto Almada Member (Gallego et al., 2010).  549 
On the basis of the new U-Pb age of 160.3±1.7 Ma and the previous 147 Ma K-Ar age 550 
(Cabaleri et al., 2010a) this paleontological association can be bracketed between the 551 
Oxfordian and Tithonian stages (compare Fig. 7). 552 
 553 
5.3 Implications from the new provenance data  554 
The provenance areas during the deposition of the Puesto Almada Member (Fossati sub-555 
basin) were investigated through the zircon populations in sandstone CAF-6. The weighted 556 
average age of 173.6±6.4 Ma interpreted here as the maximum depositional age for the 557 
Puesto Almada Member seems reasonable, considering that the stratigraphic age of the 558 
Puesto Almada Member was constrained by the 158 Ma pyroclastic level (CAF-8) sampled 559 
20 m above the CAF-6 sandstone (Fig. 3).  560 
Fifty percent of the analyzed grains from sample CAF-6 yielded Middle Devonian to 561 
early Permian ages (between 386 and 286 Ma),  that correspond very well with the 562 
basement lithologies. Granitoids from the North Patagonian Massif to the north of the 563 
Cañadón Asfalto basin were dated between 289 and 394 Ma (Pankhurst et al., 2006). They 564 
also dated a deformed leucogranite exposed to the south of the basin, at 289 Ma. These 565 













Belt. This belt extends from San Martin de Los Andes (Neuquén province) to Paso de 567 
Indios (south of the Cañadón Asfalto basin, in the Chubut region). Our three older zircon 568 
grains with Lower Devonian ages (~415 Ma) can be related to the plutonic rocks dated by 569 
Basei et al. (2005) between 420 and 380 Ma in the same belt. 570 
Our early to middle Jurassic ages (Pliensbachian-Aalenian) for zircon grains in CAF-6 571 
could relate to a source that was part of the Lonco Trapial Formation or of the Las 572 
Chacritas Member (Fig. 7a). This indicates that these units were possibly exposed at 158 573 
Ma ago (i.e., there was a phase of regional uplift) and contributed material to the deposition 574 
of the Puesto Almada Member.  575 
The weighted average age for the tuffaceous sandstone (La Manea-1) from the La 576 
Manea Range is 176.6±1.0 Ma. In addition, there are two younger zircon crystals with 577 
concordant ages of 156 and 165 Ma. This could indicate that the dated level belongs either 578 
to the Puesto Almada Member or that the analyzed section is younger than 156 Ma. While 579 
the Puesto Almada Member (CAF-6) shows a bimodal zircon provenance pattern from 580 
Paleozoic sources and Mesozoic terranes, the sample from the La Manea Range (La 581 
Manea-1) only yielded a provenance pattern from Mesozoic terranes (from 206 to 171 Ma, 582 
this paper), besides some younger zircons. If the unit that crops out in the Sierra de la 583 
Manea Range is correlated with the upper Puesto Almada Member, the subtle difference in 584 
the provenance patterns in both sub-basins can be explained easily by different source areas 585 
having contributed to different parts of the basin.  586 
Alternatively, the difference in the provenance patterns plus the presence of the two 587 
younger zircons in the unit sampled in the La Manea Range, for which zircon grains of 588 
equivalent age were not found in the CAF-6 sandstone, could indicate that this unit should 589 
not be correlated with the Puesto Almada Member but is actually younger than it. If the 590 
analyzed level of the La Manea Range would be younger than the Puesto Almada Member, 591 
it could be correlated with the Cañadón Calcáreo Formation that was assigned to the 592 
Kimmeridgian-Valanginian (from ~157 to ~137 Ma; Cohen et al., 2013; updated) by 593 
Proserpio (1987), or alternatively with the basal part of the Cretaceous Chubut Group 594 
(Cabaleri et al., 2011; Marveggio and Llorens, 2013). In this scenario, the two younger 595 
zircons indicate that during the deposition of the La Manea sequence, the Puesto Almada 596 













younger basin. The main population of zircon ages between 171 and 206 Ma for the La 598 
Manea sample (Fig. 7a) indicates that the main source were Jurassic precursors, such as the 599 
Las Leoneras, Lonco Trapial, or Cañadón Asfalto formations.  600 
Our observations and the above discussion imply inversion tectonics to have affected the 601 
Cañadón Asfalto basin - possible as early as Middle Jurassic times, after 158 Ma. Notably, 602 
the only previous reference about inversion tectonics for this basin delimited this tectonic 603 
phase to Paleocene-Eocene times (Figari et al., 2015). Additional work on the La Manea 604 
Range is obviously desirable. 605 
 606 
5.4 Crustal growth in central Chubut, Patagonia  607 
Figure 7b shows a bimodal U-Pb zircon age distribution of all analysed zircon 608 
crystal/grains of this study. Two magmatic events can be distinguished: an older event with 609 
Carboniferous-Permian ages and a younger event with Jurassic ages.  610 
 611 
The Mamil Choique magmatic event 612 
The older event is named here the Mamil Choique magmatic event (between 359 and 613 
230 Ma). The name refers to data from the basement of the area, the Mamil Choique 614 
Formation. Zircon grains from this unit were “sampled” by the CAF-6 sandstone from the 615 
Fossati sub-basin. This eventis well characterized in terms of Hf data (negative εHf values 616 
between -6.0 and -3.5 and TDM between 1.5 and 1.3 Ga, Fig. 7c). This event represents 617 
recycling, during Permian times, of a Mesoproterozoic crust with TDM of ~1.5 Ga (Fig. 7c). 618 
According to Pankhurst et al. (2006) and Fanning et al. (2011), this event coincides with 619 
the large-scale crustal melting in the North Patagonian Massif due to a break-off of 620 
subducted slab in a post-collisional setting. Hafnium data obtained by Fanning et al. (2011) 621 
in zircon crystals from one sample of Mamil Choique granodiorite (MAC-128) from the 622 
western part of the North Patagonian Massif indicate Hf characteristics similar to those 623 
registered by our sample from the Fossati sub-basin (Fig. 7c). 624 
 625 
The Cañadón Asfalto magmatic event 626 
The younger magmatic event, here named the Cañadón Asfalto magmatic event 627 













Asfalto formations and from the La Manea-1 sandstone. As shown in Figure 7b and in 629 
more detail in Fig. 9, three main cycles (or phases) can be distinguished: C1 between 172-630 
180 Ma, with a main peak at 176 Ma referring mainly to Lonco Trapial magmatism, C2 631 
between 166-169 Ma with two peaks at 166 and 169 Ma, related to the volcanic deposits of 632 
the Las Chacritas Member, and C3 between 155-162 Ma, with a main peak at 158 Ma 633 
corresponding to ages for the pyroclastic levels in the Puesto Almada Member (SCN-2 and 634 
CAF-8 samples).  635 
The C1, so-called Lonco Trapial magmatic cycle, is characterized by a prominent peak 636 
at 176 Ma, recorded by zircon crystals from the Lonco Trapial andesite LT-CT-1 and some 637 
detrital zircon grains from the CAF-6 sandstone from the Fossati sub-basin. This magmatic 638 
cycle is well constrained by Hf isotopic compositions on zircon showing negative and 639 
positive εHf values between -2.2 to +4.0 and Meso- to Neoproterozoic TDM between 1.2 and 640 
0.8 Ga (Fig. 7c). With respect to our data, andesitic magmas with positive and negative εHf 641 
values may be generated (see Fig. 7c) by: (I) juvenile magmas strongly contaminated with 642 
old crust, or by (II) partial melting of old lower crust or fossilized lithospheric mantle 643 
(Pankhurst and Rapela 1995), in this case of Neoproterozoic-Mesoproterozoic age (~1.0 644 
Ga).  645 
The first possibility (I, Fig. 7c) is in agreement with the presence - at about 176 Ma to 646 
the west of the Lonco Trapial Formation - of a cordilleran type magmatic arc, the so-called 647 
“Sub-Cordilleran Plutonic Belt” (Haller et al., 1999) (Fig. 1a), with granites of I-type 648 
characteristics. Mixing of juvenile magmas, possibly generated by extension behind the arc, 649 
with old crust could have generated magmas with hybrid isotopic characteristics (Fig. 7c), 650 
as suggested by this study. It is interesting to note that at least 40 % of the new data 651 
correspond to inherited zircon, indicating that this juvenile magma was contaminated with 652 
older crust of Paleozoic, Neoproterozoic, and Paleoproterozoic ages. 653 
The second possibility (II, Fig. 7c) is supported by Nd model ages (between 1.2 and 1.5 654 
Ga) for several Paleozoic and Jurassic granitoids and metasedimentary rocks of Patagonia 655 
(Pankhurst and Rapela, 1995). These authors interpreted their data to indicate the possible 656 
involvement of fossilized lithospheric mantle or partial melting of lower crust to form 657 
juvenile Jurassic magmas with such Nd TDM ages. Our Hf TDM ages allow for this 658 













Ba/La=15.7 - N. Hauser, unpublished results) indicate that the Lonco Trapial Formation has 660 
arc affinity in agreement with Page and Page (1993). 661 
Following the discussion of Page and Page (1993), Pankhurst et al. (1996), and 662 
Zaffarana et al. (2014), the geochemical character of the Lonco Trapial volcanics variably 663 
favors affinity to an extensional setting (Uliana et al., 1985; Figari et al., 2015), an arc 664 
setting (Page and Page 1993; Pankhurst et al. 1996), or a mixed extensional and arc setting 665 
(Zaffarana et al., 2014). Uliana et al. (1985) proposed that basalts of the Lonco Trapial 666 
Formation were generated in an extensional setting related to injection of mantle-derived 667 
magmas into the lower crust. Zaffarana et al. (2014) interpreted that this crust had arc 668 
affinity, so that the resulting melts were arc-crust contaminated. The hybrid magmas would 669 
have reached the surface through normal faults in an extensional regime, producing big 670 
volumes of pyroclastic material. Figari et al. (2015) postulated that the volcanism of the 671 
Lonco Trapial Formation was generated in a half-graben associated with extension. 672 
The C2 magmatic cycle is represented by the acid volcanics (pyroclastic rocks) of the 673 
Las Chacritas Member (168 Ma, Fig. 7c). This cycle is isotopically well constrained by Hf 674 
isotopic compositions of zircon crystals - of negative εHf values with a peak at -8.2. 675 
Therefore, one possible interpretation is that the Las Chacritas magmatism represents 676 
crustal reworking during Jurassic times of an old crust with TDM between 1.4 and 1.55 Ga. 677 
As shown by Figure 7c, this old crust is also similar in terms of Hf isotopic character to the 678 
Mamil Choique magmatic event, denoting that possibly the same Mamil Choique basement 679 
was recycled at ~168 Ma during C2, in still unknown source areas.  680 
The last magmatic cycle C3 is represented by the acid volcanism (pyroclastic rocks) of 681 
the Puesto Almada Member (SCN-2+CAF-8 = ca. 159 Ma) and two zircon grains from the 682 
La Manea-1 sample. It shows mixed Hf isotope characteristics (Fig. 7c), namely, negative 683 
to slightly positive εHf values between -5.6 and 2.1 and TDM between 1.3 and 0.9 Ga (Fig. 684 
7c).  One explanation for these findings could be that a juvenile magma with Lonco Trapial 685 
Hf isotope characteristics was highly contaminated with old crust (compare Fig. 7c), maybe 686 
the Mamil Choique basement. 687 
 688 
5.5 Relationship between the Cañadón Asfalto magmatic event and the main volcanic 689 













Regarding geochronological data previously obtained for Jurassic igneous rocks of 691 
Patagonia and Antarctica, Pankhurst et al. (2000, Fig. 9) recognized three main magmatic 692 
phases of volcanism: V1 (188-178 Ma), V2 (172-168 Ma), and V3 (157 and 153 Ma). 693 
These phases overlap partially with our main cycles of the Cañadón Asfalto magmatism 694 
(Fig. 9). Our Lonco Trapial magmatic cycle (between 172-180 Ma) is bracketed by the V1 695 
and V2 phases. The Las Chacritas volcanic cycle (166-169 Ma) overlaps exactly with the 696 
V2 phase, and the Puesto Almada volcanic cycle partially overlaps with the V3 phase.  697 
The V1 phase is contemporaneous with the emplacement of rhyolite and ignimbrite of 698 
the Marifil Formation (Pankhurst et al., 2000) that outcrops in central Patagonia to the east 699 
of the study area, along the Atlantic coast (Fig. 1a). These authors related this magmatism 700 
to the Gondwana break-up. Today this phase is well exposed in Antarctica (the Ferrar 701 
Supergroup), Australia (Tasmanian dolerite), and South Africa (Karoo province). The 702 
V1volcanic cycle is also contemporaneous with arc activity in the Subcordilleran Batholith 703 
of Patagonia (Fig. 1a) that lasted until 180 Ma (Rapela et al., 2005), as well as with the 704 
early stages of the Andean magmatic arc in the Neuquén Basin (Saini-Eidukat et al., 2002; 705 
Castro et al., 2011). This arc has been implicated as the likely source of ash material 706 
produced from the Pliensbachian up to the Toarcian/Aalenian boundary (Llambías and 707 
Leanza, 2005). 708 
The second ignimbrite volcanism event, V2, occurred in the eastern part of the Deseado 709 
Massif in southern Patagonia, and was related to the Chon Aike Formation of Argentina 710 
and the Mapple Formation in Antarctica (Pankhurst et al., 2000). Finally, the V3 event was 711 
related to the ignimbrites and associated granites of the eastern Andes (El Quemado 712 
Formation of Argentina and Ibañez Formation of Chile - Fig. 1a).  713 
Based on Figure 9, it can be speculated also whether the Lonco Trapial Formation could 714 
be related to the widespread magmatism that took place with the opening of the Atlantic 715 
Ocean over a somewhat extended period from 188 until 172 Ma (this work). If the 716 
pyroclastic rocks of the Las Chacritas and Puesto Almada cycles are not generated inside 717 
the basin, they could represent air fall from the extensive ignimbrite production of the Chon 718 
Aike Formation (V2) as found in the Deseado Massif and the El Quemado Formation (V3) 719 













Puesto Almada members, long-prismatic with smooth marks of sedimentary reworking, 721 
also support this interpretation.  722 
 723 
6. Conclusions 724 
New U-Pb geochronological results on zircon combined with a Hf isotopic study on 725 
lithological units related to the Cañadón Asfalto basin in Central Chubut (Argentina) 726 
yielded important information about the evolution of the basin. The main conclusions are as 727 
follows: 728 
1) The age for the base of the Cañadón Asfalto Formation is doubly constrained to ~171 729 
Ma by new data for the Las Chacritas Member (168.2±2.2 Ma) and the Lonco Trapial 730 
Formation (172.3±1.8 Ma).  731 
2) The two members of the Cañadón Asfalto Formation are different in age and Hf 732 
characteristics. The age of the Las Chacritas Member is constrained to 168.2 Ma; this 733 
member is characterized by negative εHf values. ThePuesto Almada Member is constrained 734 
by two U-Pb data of 158.3 (CAF-8) and 160.3 (SCN-2) Ma, and mostly slightly negative 735 
εHf data.  736 
3) The relatively younger age obtained in this work for the Lonco Trapial Formation 737 
(172.3 Ma) for a sample from the type locality, in comparison to the 40Ar-39Ar data (~185 738 
Ma) for the same unit further to the north (Zaffarana and Somoza 2012), confirms the 739 
diachronism  of the unit that is younging to the south. The Hf data of this study indicate that 740 
the unit has more affinity to an arc than to an extensional setting.  741 
4) Considering that our age for the Puesto Almada Member is the same as the age for the 742 
Cañadón Calcáreo Formation by Cúneo et al. (2013), it remains unclear at this point 743 
whether the Cañadón Calcáreo sandstones are part of the Puesto Almada Member, or vice 744 
versa. Further field work to resolve this remaining problematic is mandatory.  745 
5) Two main magmatic events with different Hf ratios are identified in this work: the 746 
Mamil Choique (359-230 Ma) and the so-called Cañadón Asfalto (200-150 Ma) magmatic 747 
events  748 
6) The Cañadón Asfalto magmatic event seems to have been episodic between 200 and 749 
150 Ma. Previous data obtained by Pankhurst et al. (2006) for volcanic and plutonic rocks 750 













7) For the Lonco Trapial magmatic cycle the Hf isotopic data suggest that these magmas 752 
either were formed by reworking of Meso- to Neoproterozoic crust or by the mixing 753 
between a juvenile source with older crust. 754 
8) The three main cycles recognized here partially overlap in age with the Marifil, Chon 755 
Aike, and El Quemado/Ibañez formations that represent the main volcanic events 756 
associated with the Atlantic opening in Patagonia. The Lonco Trapial cycle (C1) could be 757 
related with the Subcordilleran Batholith in Patagonia and the Andean magmatic arc in the 758 
Neuquén Basin. 759 
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 1162 
Captions: 1163 
Figure 1: a) Schematic map showing the main tectonic units of Central Patagonia during 1164 
Jurassic times; from west to east: CMC - Chonos accretionary complex; SPB - 1165 
Subcordilleran Plutonic Belt; PAB - Pampia de Agna Basin; CPB - Late Triassic Central 1166 
Patagonian Batholith. The main stratigraphic units relevant for this work are: LT - 1167 
Lonco Trapial volcanic field; MF - Marifil Formation; CA - Chon Aike Formation; EQ - 1168 
El Quemado Formation, and I - Ibañez Formation. The region around the Cañadón 1169 
Asfalto Basin is highlighted by the black square. The dotted line represents the axis of 1170 
the Middle Jurassic to Neogene Patagonian Batholith. Map based on original figures by 1171 
Zaffarana and Somoza (2012) and Pankhurst et al. (2000). b) Geological map of the 1172 
study area in the central Chubut Province, with Permian-Triassic to Cenozoic units. 1173 
Locations of the Cerro Cóndor, Fossati, and Portuzuelo-Llanquetrúz sub-basins are 1174 
indicated. The sampled areas are in the (1) Cerro Cóndor sub-basin, (2) Sierra de La 1175 














Figure 2: Stratigraphy of the Cañadón Asfalto Basin based on Cabaleri and Benavente 1178 
(2013). 1179 
 1180 
Figure 3: Sedimentological profiles of the study sites in the Cerro Cóndor and Fossati sub-1181 
basins of the Cañadón Asfalto Basin, with the positions of analyzed samples, together 1182 
with their U-Pb ages. The lithologies referred to the Lonco Trapial Formation are in 1183 
brown. For the Las Chacritas Member in the Cerro Cóndor and Fossati sub-basins: 1184 
limestone in light blue, basalts in brown, tuffites in brown, and shales in black. For the 1185 
Puesto Almada Member in the Cerro Cóndor and Fossati sub-basins: sandstones, 1186 
limestones, tuffites and tuff in brown, and shales in black. For the Chubut Group: 1187 
conglomerates are shown in red. 1188 
 1189 
Figure 4: Cerro Cóndor sub-basin: a) Central volcanic edifices of the Lonco Trapial 1190 
Formation at the Cañadón Bagual-César Torres locality; width of field of view ca. 10 m. 1191 
The inset shows volcanic breccia sample LT-CT-1 (hammer for scale 50 cm long). b) 1192 
The Las Chacritas Member in the Cañadón Asfalto locality; inset: a detail of sample 1193 
CAV-40 from the pyroclastic level (coin for scale, 2.5 cm wide). c) The Puesto Almada 1194 
Member, and in the inset, the pyroclastic fall level where sample SCN-2 was taken at the 1195 
Estancia La Sin Rumbo locality. d) The La Manea Range locality with the tuffaceous 1196 
sandstone of La Manea-1 (width of field of view estimated at 300 m). Fossati sub-basin 1197 
at the Cerro Bandera locality: e) Alluvial fan conglomerate above medium-grained 1198 
sandstone with cross-stratification (sample CAF-6). f) A whitish pyroclastic bed of 60 1199 
cm thickness (sample CAF-8). The hammer in figures b, c inset, e and f is 35 cm long. 1200 
 1201 
Figure 5: Zircon chronology data: a) Tera-Wasserburg diagram for the LT-CT-1 volcanic 1202 
breccia. In the inset, the 172 Ma weighted average 206Pb/238U age obtained for the Lonco 1203 
Trapial Formation is shown. b) Tera-Wasserburg Concordia diagram for the CAV-40 1204 
pyroclastic level from the lower part of the Las Chacritas Member; data for the gray 1205 
ellipses were used for calculation of the 168 Ma weighted average 206Pb/238U age. c) and 1206 
d) Cathodoluminescence images of selected zircon crystals from LTCT-1 and CAV-40, 1207 













ages and εHf(t) analysis spots for some zircon grains are shown. e) and f) Ages for the 1209 
Puesto Almada Member in the Cerro Cóndor and the Fossati sub-basin, respectively. 1210 
Note that these two ages are overlapping. g) Back-scattered electron image for zircon 1211 
from sample SCN-2, and h) from sample CAF-8.  1212 
 1213 
Figure 6: All U-Pb ages from a) the tuff sandstone from the La Manea Range (sample La-1214 
Manea-1) in the Cerro Cóndor sub-basin, and b) the tuff sandstone from the Puesto 1215 
Almada Member (CAF-6) collected in the Fossati sub-basin. Probability density plots 1216 
for the c) La Manea and d) Puesto Almada sandstones. Back-scattered electron images 1217 
of representative zircon crystals with their 206Pb/238U ages are given as insets in figures 1218 
a, b, c and d. On some grains the respective εHf values are given as well. e) and f) 1219 
Weighted average ages for La Manea-1 and CAF-6, respectively. 1220 
 1221 
Figure 7: a) Tera-Wasserburg U-Pb isotope diagram for all data of this study that are 1222 
related to the evolution of the Cañadón Asfalto basin. Colors refer to the legend in 1223 
Figure 8c. b) Total U-Pb zircon age distribution indicating two main magmatic events in 1224 
Central Patagonia: 1 – The Mamil Choique and 2 – the Cañadón Asfalto (CA) 1225 
magmatism. Inset distinguishes the three volcanic cycles of the younger (CA) event 1226 
(compare also with Figure 9): C1 (172-180 Ma), C2 (166-169 Ma) and C3 (155-162 1227 
Ma). c) εHf vs. Age (Ga) diagram. The Mamil Choique event reworked Mesoproterozoic 1228 
crust, as indicated by red, dashed lines going towards 1.6-1.3 Ga. The same crust was 1229 
probably reworked again during the acid volcanism associated with the Las Chacritas 1230 
cycle. The dashed-dotted orange lines indicate possible crustal reworking of Meso- to 1231 
Neoproterozoic crust of 1.2-0.8 Ga age, during the magmatism associated with the 1232 
Lonco Trapial cycle and later during the Puesto Almada cycle. Hf data from the La 1233 
Manea-1 sandstone interpreted to represent the Cañadón Calcáreo Formation and CAF-6 1234 
sandstone belonging to the Puesto Almada Member are also shown. For further detailed 1235 
discussion of this figure, including the meaning of the I and II interpretations, refer to 1236 
the text. The crustal evolution trends represent the bulk-rock trends for Mesoproterozoic 1237 
juvenile crust, calculated using the 176Lu/177Hf ratio of 0.0113 (Taylor and McLennan, 1238 














Figure 8: Comparison between previously obtained paleontological and geochronological 1241 
ages and those obtained in this work for the Lonco Trapial Formation, and the Las 1242 
Chacritas and Puesto Almada members of the Cañadón Asfalto Formation. 1243 
 1244 
Figure 9: Cumulative probability curve for the Cañadón Asfalto magmatic event showing 1245 
the three main cycles suggested by this work. For comparison (cf. Discussion chapter), 1246 
the silicic volcanic events recognized by Pankhurst et al. (2000) for Patagonia and 1247 
Antarctica are also shown. 1248 
 1249 
Table 1: Zircon U-Pb data for pyroclastic levels and sedimentary rocks of units related 1250 
with the evolution of the Cañadón Asfalto basin, central Chubut.  1251 
 1252 
Table 2: Representative results of in situ Lu-Hf LA-ICP-MS-MC zircon analyses for 1253 
igneous and sedimentary rocks related to the evolution of the Cañadón Asfalto basin, 1254 
















Table 1: Zircon U-Pb data for pyroclastic levels and sedimentary rocks of units related with the evolution of Cañadón Asfalto basin, central Chubut. 




Position Characteristics 207 Pb/
206




















 U 2σ   (Ma)
Lonco Trapial Range
LTCT-1 volcanic brecchia from Lonco Trapial Formation
Z5(*) Long-Prismatic 300 Core Magmatic zonation 0.04898 2.70 0.17655 2.96 0.02614 1.22 0.41 146.7 31.4 165.1 2.3 166.4 1.1 101
Z21 Short-Prismatic 200 Core Magmatic zonation 0.04919 2.38 0.17757 2.80 0.02618 1.47 0.52 156.9 27.6 166.0 2.2 166.6 1.3 100
Z4 Prismatic 300 Core Magmatic zonation 0.04876 3.12 0.17611 3.52 0.02619 1.62 0.46 136.4 71.3 164.7 4.9 166.7 1.4 101
Z14 Short-Prismatic 200 Rim Inher. Core 0.05082 3.95 0.18426 4.23 0.02630 1.52 0.36 232.5 91.1 171.7 6.7 167.3 2.5 97
Z19 Short-Prismatic 150 Core Magmatic zonation 0.04975 2.68 0.18119 3.06 0.02641 1.47 0.48 183.3 30.9 169.1 2.4 168.1 1.3 99
Z43 Short-Prismatic 100 Core Magmatic zonation 0.04893 2.33 0.17909 2.59 0.02655 1.13 0.44 144.3 27.1 167.3 2.1 168.9 1.1 101
Z23 Short-Prismatic 100 Core Magmatic zonation 0.04931 2.87 0.18066 3.19 0.02657 1.38 0.43 162.4 65.4 168.6 4.6 169.1 1.3 100
Z22 Short-Prismatic 100 Core Magmatic zonation 0.04973 2.16 0.18332 2.79 0.02673 1.76 0.63 182.6 50.4 170.9 4.4 170.1 3.0 100
Z1 Short-Prismatic 400 Core Magmatic zonation 0.04972 2.15 0.18389 2.64 0.02682 1.53 0.58 181.9 24.9 171.4 2.1 170.6 1.4 100
Z20 Prismatic-Frat 500 Core Magmatic zonation 0.04975 2.59 0.18530 2.97 0.02701 1.46 0.49 183.4 58.9 172.6 4.3 171.8 1.4 100
Z11 Short-Prismatic 150 Core Magmatic zonation 0.05103 2.18 0.19007 2.37 0.02701 0.93 0.39 242.2 24.9 176.7 2.0 171.8 1.0 97
Z45 Short-Prismatic 150 Core Magmatic zonation 0.04904 2.40 0.18308 2.65 0.02708 1.12 0.42 149.7 54.7 170.7 3.9 172.2 1.1 101
Z3 Prismatic 300 Core Magmatic zonation 0.04906 2.35 0.18515 2.68 0.02737 1.27 0.48 150.7 55.2 172.5 4.2 174.1 2.2 101
Z29 Prismatic 200 Core Magmatic zonation 0.05021 1.51 0.19015 1.76 0.02746 0.91 0.51 204.9 17.4 176.8 1.5 174.7 1.0 99
Z34 Short-Prismatic 200 Core Magmatic zonation 0.04977 1.69 0.18979 1.91 0.02766 0.89 0.47 184.2 38.3 176.4 2.8 175.9 0.9 100
Z32 Short-Prismatic 200 Core Magmatic zonation 0.05089 3.06 0.19422 3.39 0.02768 1.47 0.43 235.7 34.9 180.2 2.8 176.0 1.4 98
Z35 Short-Prismatic 250 Core Magmatic zonation 0.05095 1.89 0.19468 2.43 0.02771 1.52 0.63 238.7 21.7 180.6 2.1 176.2 1.4 98
Z40 Subrounded 200 Core Magmatic zonation 0.05012 1.96 0.19173 2.19 0.02775 0.99 0.45 200.5 22.6 178.1 1.9 176.4 1.0 99
Z17 Prismatic 150 Core Magmatic zonation 0.04960 2.16 0.18993 2.56 0.02777 1.36 0.53 176.2 25.1 176.6 2.1 176.6 1.3 100
Z44 Prismatic 200 Core Magmatic zonation 0.05037 1.71 0.19562 2.30 0.02817 1.54 0.67 212.0 19.7 181.4 2.0 179.1 1.5 99
Z41 Short-Prismatic 150 Core Magmatic zonation 0.05409 0.62 0.44996 1.16 0.06033 0.99 0.85 374.9 13.9 377.2 3.7 377.6 3.6 100
Z30 Subrounded 100 Core Magmatic zonation 0.05980 1.00 0.75733 1.68 0.09185 1.35 0.80 596.5 20.4 572.5 5.3 566.4 4.0 99
Z39 Prismatic 150 Core Magmatic zonation 0.05874 1.83 0.75303 2.43 0.09297 1.60 0.66 557.6 19.8 570.0 5.5 573.1 4.7 101
Z10 Prismatic 400 Core Magmatic zonation 0.06070 1.14 0.78845 1.69 0.09421 1.25 0.74 628.6 12.3 590.3 4.0 580.4 3.9 98
Z26 Subrounded 200 Core Magmatic zonation 0.05958 0.56 0.79489 2.74 0.09676 2.68 0.98 588.4 12.1 593.9 12.3 595.4 15.3 100
Z37 Prismatic 250 Core Magmatic zonation 0.10787 0.48 4.77446 1.02 0.32101 0.89 0.88 1763.8 8.9 1780.4 8.5 1794.7 14.0 101
Z33 Subrounded 200 Core Magmatic zonation 0.13201 0.55 6.52807 1.44 0.35864 1.33 0.92 2124.9 4.9 2049.7 6.9 1975.7 12.5 96
Z12 Subrounded 400 Core Magmatic zonation 0.13571 0.82 6.79526 1.96 0.36315 1.78 0.91 2173.2 14.2 2085.1 17.4 1997.1 30.7 96
Z13(***) Subrounded 250 Core Inher. Core/Magm Zon Rim 0.05491 1.41 0.33476 1.69 0.04422 0.94 0.55 408.5 15.7 293.2 2.3 278.9 1.5 95
Z15 Square 250 Core Inher. Core/Magm Zon Rim 0.05426 0.99 0.39524 1.53 0.05283 1.16 0.76 381.7 11.2 338.2 2.4 331.9 2.1 98
Z36 Prismatic-Frat 300 Core Magmatic zonation 0.05454 1.15 0.40403 1.75 0.05373 1.31 0.75 393.2 12.9 344.6 2.7 337.4 2.4 98
Z27 Subrounded 150 Core Magmatic zonation 0.05901 1.02 0.65631 1.38 0.08066 0.94 0.68 567.5 11.1 512.4 3.1 500.1 2.7 98
Z16 Subrounded 150 Core Magmatic zonation 0.06468 1.73 0.77375 2.11 0.08676 1.18 0.56 763.9 35.4 581.9 8.1 536.4 3.5 92
Cerro Cóndor sub-basin
CAV-40: Gray pyroclastic level, Las Chacritas Member
Z6(*) Prismatic 450 Core Magmatic zonation 0.05205 4.70 0.18479 5.26 0.02575 2.36 0.45 287.6 107.4 172.2 8.3 163.9 3.8 95
Z1 Prismatic 200 Rim Magmatic zonation 0.05058 5.54 0.18113 6.44 0.02597 3.29 0.51 222.0 128.2 169.0 10.0 165.3 5.4 98
Z17 Prismatic 170 Core Magmatic zonation 0.05033 3.30 0.18039 3.97 0.02600 2.21 0.56 210.1 76.6 168.4 6.2 165.4 3.6 98
Z5 Prismatic 150 Core Magmatic zonation 0.05373 5.12 0.19425 5.61 0.02622 2.31 0.41 359.9 115.4 180.3 9.3 166.8 3.8 93
Z4 Prismatic 300 Core Magmatic zonation 0.05320 5.03 0.19409 5.99 0.02646 3.24 0.54 337.3 114.1 180.1 9.9 168.4 5.4 93
Z3 Prismatic 450 Core Magmatic zonation 0.05084 3.19 0.18610 4.04 0.02655 2.48 0.61 233.6 73.6 173.3 6.4 168.9 4.1 97













Z16 Subrounded 180 Core Magmatic zonation 0.05098 3.88 0.19008 4.45 0.02704 2.18 0.49 239.8 89.5 176.7 7.2 172.0 3.7 97
Z15 Prismatic 250 Core Magmatic zonation 0.04997 3.08 0.18633 4.00 0.02704 2.54 0.64 193.7 71.7 173.5 6.4 172.0 4.3 99
Z12 Subrounded 200 Rim Magmatic zonation 0.05225 3.95 0.19637 4.69 0.02726 2.54 0.54 296.4 90.1 182.1 7.8 173.4 4.3 95
Z14 Short-Prismatic 220 Core Magmatic zonation 0.05172 2.98 0.19470 4.77 0.02730 3.72 0.78 272.9 68.4 180.6 7.9 173.7 6.4 96
Z11 Long-Prismatic 260 Rim Magmatic zonation 0.05237 3.51 0.19930 4.34 0.02760 2.55 0.59 301.6 80.0 184.5 7.3 175.5 4.4 95
Z8 Short-Prismatic 150 Rim Magmatic zonation 0.05159 3.82 0.19695 4.48 0.02769 2.34 0.52 267.1 87.7 182.5 7.5 176.1 4.1 96
Z18 Subrounded 160 Core Magmatic zonation 0.05070 4.44 0.19405 5.70 0.02776 3.59 0.63 227.4 102.5 180.1 9.4 176.5 6.2 98
Z13 Prismatic 140 Rim Magmatic zonation 0.05003 4.16 0.19851 5.19 0.02877 3.09 0.60 196.6 96.7 183.9 8.7 182.9 5.6 99
Z9 Prismatic 200 Rim Magmatic zonation 0.05403 2.64 0.26959 3.96 0.03619 2.95 0.75 372.4 59.4 242.4 8.5 229.2 6.6 95
SCN-2:  Laminated tuffite, Puesto Almada Member
Z2(*) Short-Prismatic 80 Core Magmatic zonation 0.04968 2.32 0.17162 3.30 0.02505 2.34 0.7 180.1 54.1 160.8 4.9 159.5 3.7 99
Z8 Long-Prismatic 100 Core Magmatic zonation 0.05055 4.11 0.17469 5.27 0.02506 3.29 0.6 220.3 95.1 163.5 8.0 159.6 5.2 98
Z10 Long-Prismatic 150 Core Magmatic zonation 0.05099 2.87 0.17680 3.41 0.02515 1.84 0.5 240.4 66.2 165.3 5.2 160.1 2.9 97
Z11 Short-Prismatic 60 Core Magmatic zonation 0.04874 3.24 0.16992 3.69 0.02528 1.77 0.5 135.4 76.0 159.3 5.4 161.0 2.8 101
Z12 Short-Prismatic 60 Core Magmatic zonation 0.04820 2.87 0.17345 3.61 0.02610 2.20 0.6 109.3 67.7 162.4 5.4 166.1 3.6 102
Z5 Prismatic 150 Core Magmatic zonation 0.05210 5.98 0.20078 6.95 0.02795 3.53 0.5 289.7 136.6 185.8 11.8 177.7 6.2 96
Z4 Short-Prismatic 60 Core Magmatic zonation 0.05245 3.84 0.20729 5.20 0.02866 3.51 0.7 305.1 87.5 191.3 9.1 182.2 6.3 95
Z7 Short-Prismatic 50 Core Magmatic zonation 0.04923 4.54 0.19501 5.17 0.02873 2.48 0.5 158.9 106.2 180.9 8.6 182.6 4.5 101
La Manea-1: A tuff sandstone
Z34 Prismatic 240 Core Magmatic zonation 0.05031 4.06 0.17012 4.77 0.02453 2.51 0.53 209.2 94.0 159.5 7.0 156.2 3.9 98
Z3CORE Prismatic 300 Core Magmatic zonation 0.04933 2.23 0.17619 3.55 0.02590 2.77 0.78 163.5 52.1 164.8 5.4 164.9 4.5 100
Z18(*) Short-Prismatic 230 Core Smooth-Mag. zonation 0.05222 3.83 0.19359 4.89 0.02689 3.03 0.62 295.0 87.5 179.7 8.0 171.0 5.1 95
Z27 Prismatic 250 Rim Smooth-Mag. zonation 0.04917 3.77 0.18311 4.57 0.02701 2.58 0.56 155.8 88.3 170.7 7.2 171.8 4.4 101
Z35 Prismatic 230 Core Homogeneous 0.04912 4.15 0.18415 4.92 0.02719 2.64 0.54 153.5 97.2 171.6 7.8 172.9 4.5 101
Z21 Prismatic 250 Rim Smooth-Mag. zonation 0.04925 3.13 0.18591 5.08 0.02738 4.00 0.79 159.7 73.2 173.1 8.1 174.1 6.9 101
Z16 Prismatic-Subrounded 200 Rim Smooth-Mag. zonation 0.05045 1.92 0.19066 3.37 0.02741 2.77 0.82 215.9 44.5 177.2 5.5 174.3 4.8 98
Z8 Long-Prismatic 300 Rim Magmatic zonation 0.04881 5.79 0.18457 6.60 0.02743 3.17 0.48 138.6 66.6 172.0 5.2 174.4 2.8 101
Z11 Rectangular 150 Rim Magmatic zonation 0.04902 1.78 0.18647 2.77 0.02759 2.12 0.77 148.9 41.8 173.6 4.4 175.4 3.7 101
Z13 Prismatic 300 Rim Magmatic zonation 0.04931 2.43 0.18760 3.64 0.02759 2.70 0.74 162.8 53.8 174.6 4.4 175.5 2.4 100
Z14 Prismatic 250 Rim Smooth-Mag. zonation 0.05207 3.20 0.19813 4.20 0.02760 2.72 0.65 288.4 73.2 183.5 7.1 175.5 4.7 96
Z32CORE Prismatic-Frat 250 Core Smooth-Mag. zonation 0.05085 4.15 0.19370 4.88 0.02763 2.57 0.53 234.1 95.8 179.8 8.0 175.7 4.5 98
Z36 Prismatic 250 Core Smooth-Mag. zonation 0.04633 6.01 0.17686 6.82 0.02769 3.22 0.47 14.7 144.6 165.4 10.4 176.1 5.6 106
Z9CORE Prismatic 250 Core Inhereted core 0.05155 4.27 0.19683 5.23 0.02769 3.02 0.58 265.7 98.0 182.4 8.7 176.1 5.2 97
Z25 Subrounded-Frat 230 Rim Homogeneous 0.05068 3.86 0.19441 4.63 0.02782 2.55 0.55 226.5 89.1 180.4 7.6 176.9 4.5 98
Z28 Subrounded 250 Rim Smooth-Mag. zonation 0.05129 3.20 0.19692 4.16 0.02784 2.66 0.64 254.1 73.6 182.5 7.0 177.0 4.6 97
Z3RIM Prismatic-Frat 250 Rim Smooth-Mag. zonation 0.05615 4.82 0.21670 6.09 0.02799 3.72 0.61 458.2 52.6 199.2 5.5 178.0 3.3 89
Z7 Prismatic-Frat. 250 Rim Homogeneous 0.04977 4.33 0.19235 4.82 0.02803 2.09 0.44 184.4 49.7 178.6 4.0 178.2 1.9 100
Z12 Rectangular 130 Rim Magmatic zonation 0.04851 3.61 0.18775 4.25 0.02807 2.22 0.52 124.4 42.0 174.7 3.4 178.4 2.0 102
Z10 Short-Prismatic 250 Rim Zonation 0.05469 2.06 0.21169 2.96 0.02807 2.13 0.72 399.6 46.1 195.0 5.3 178.5 3.7 92
Z24 Prismatic 230 Rim Homogeneous 0.05053 2.52 0.19598 3.37 0.02813 2.23 0.66 219.6 58.4 181.7 5.6 178.8 3.9 98
Z26 Prismatic 250 Rim Magmatic zonation 0.05208 5.19 0.20269 5.72 0.02823 2.41 0.42 288.9 118.6 187.4 9.8 179.4 4.3 96
Z6RIM Long-Prismatic 350 Rim Smooth-Mag. zonation 0.05089 3.09 0.20252 3.85 0.02886 2.30 0.60 235.9 71.2 187.3 6.6 183.4 4.2 98
Z31 Prismatic-Frat. 250 Rim Magmatic zonation 0.05080 4.78 0.20403 5.62 0.02913 2.96 0.53 231.7 110.3 188.5 9.7 185.1 5.4 98
Z4 Prismatic 230 Rim Smooth-Mag. zonation 0.05485 3.14 0.22050 4.17 0.02915 2.75 0.66 406.2 70.2 202.3 7.6 185.3 5.0 92
Z38 Short-Prismatic 200 Core Magmatic zonation 0.05167 4.11 0.20981 5.03 0.02945 2.90 0.58 270.9 94.3 193.4 8.9 187.1 5.3 97
Z1 Short-Prismatic 130 Rim Homogeneous 0.05037 3.43 0.20499 4.20 0.02951 2.42 0.58 212.3 39.3 189.3 3.7 187.5 2.3 99













Z9RIM Prismatic 250 Rim Magmatic zonation 0.05738 3.09 0.23452 3.82 0.02964 2.24 0.59 506.1 68.0 213.9 7.4 188.3 4.1 88
Z5 Prismatic 240 Rim Smooth-Mag. zonation 0.05036 2.32 0.20860 3.38 0.03004 2.46 0.73 211.4 53.7 192.4 5.9 190.8 4.6 99
Z23 Prismatic 230 Rim Magmatic zonation 0.05217 3.51 0.21692 4.46 0.03015 2.75 0.62 293.0 80.1 199.3 8.1 191.5 5.2 96
Z17 Rectangular 200 Rim Smooth-Mag. zonation 0.05077 4.59 0.21111 5.45 0.03016 2.93 0.54 230.5 106.0 194.5 9.6 191.5 5.5 98
Z15 Short-Prismatic 190 Rim Homogeneous 0.05123 3.31 0.21518 4.12 0.03047 2.45 0.60 251.0 76.1 197.9 7.4 193.5 4.7 98
Z22 Subrounded-Prismatic 150 Rim Smooth-Mag. zonation 0.05564 3.10 0.23476 3.90 0.03060 2.36 0.61 438.0 69.0 214.1 7.5 194.3 4.5 91
Z39 Long-Prismatic 400 Core Magmatic zonation 0.05123 4.40 0.21918 5.37 0.03103 3.08 0.57 251.2 101.3 201.2 9.8 197.0 6.0 98
Z6CORE Long-Prismatic 350 Core Smooth-Mag. zonation 0.04984 2.12 0.21674 3.83 0.03154 3.19 0.83 187.7 49.4 199.2 6.9 200.2 6.3 100
Z19 Prismatic 260 Rim Smooth-Mag. zonation 0.05250 2.15 0.23375 3.32 0.03229 2.53 0.76 307.2 48.9 213.3 6.4 204.9 5.1 96
Z2 Prismatic 230 Core Smooth-Mag. zonation 0.05169 3.35 0.23094 4.65 0.03240 3.22 0.69 271.8 38.0 211.0 4.5 205.6 3.3 97
Z30 Subrounded-Prismatic 250 Rim Homogeneous 0.08818 1.19 3.29341 2.82 0.27087 2.56 0.91 1386.5 22.8 1479.5 22.0 1545.2 3.5 96
Fossati sub-basin
CAF-8: a pyroclastic level
Z1(*) Long-Prismatic 300 Core Smooth-Mag. zonation 0.04955 2.39 0.17103 3.42 0.02503 2.44 0.71 174.1 55.8 160.3 5.1 159.4 3.8 99
Z2 Long-Prismatic 400 Core Smooth-Mag. zonation 0.05061 3.13 0.17063 4.16 0.02445 2.74 0.66 223.0 72.3 160.0 6.2 155.7 4.2 97
Z3 Long-Prismatic 400 Core Smooth-Mag. zonation 0.04853 3.05 0.16805 4.13 0.02512 2.78 0.67 125.0 71.9 157.7 6.0 159.9 4.4 101
Z5 Long-Prismatic 250 Core Smooth-Mag. zonation 0.04766 3.71 0.16154 6.00 0.02458 4.71 0.79 82.4 88.1 152.0 8.5 156.6 7.3 103
Z6 Long-Prismatic 400 Core Smooth-Mag. zonation 0.04833 2.75 0.16450 3.67 0.02468 2.44 0.66 115.7 64.7 154.6 5.3 157.2 3.8 102
Z7 Long-Prismatic 400 Core Smooth-Mag. zonation 0.05188 3.62 0.17555 4.77 0.02454 3.11 0.65 279.9 82.8 164.2 7.2 156.3 4.8 95
Z8 Long-Prismatic 350 Core Smooth-Mag. zonation 0.04865 2.94 0.16816 3.90 0.02507 2.58 0.66 131.1 69.0 157.8 5.7 159.6 4.1 101
Z9 Long-Prismatic 100 Core Smooth-Mag. zonation 0.04986 2.64 0.17037 3.51 0.02478 2.32 0.66 188.6 61.5 159.7 5.2 157.8 3.6 99
Z10 Long-Prismatic 350 Core Smooth-Mag. zonation 0.05014 2.74 0.17105 3.81 0.02474 2.65 0.70 201.7 63.5 160.3 5.6 157.5 4.1 98
Z11 Long-Prismatic 400 Core Smooth-Mag. zonation 0.04939 4.99 0.17154 6.37 0.02519 3.96 0.62 166.4 116.7 160.8 9.5 160.4 6.3 100
Z12 Long-Prismatic 360 Core Smooth-Mag. zonation 0.04895 4.59 0.17009 5.82 0.02520 3.59 0.62 145.6 107.6 159.5 8.6 160.4 5.7 101
CAF-6: tuff sandstone
Z5(*) Short-Prismatic 100 Rim Magmatic zonation 0.05033 2.30 0.18749 3.13 0.02702 2.12 0.68 210.1 52.5 174.5 5.0 171.9 3.6 99
Z6 Prismatic 100 Rim Homogeneous 0.05044 2.82 0.18881 3.77 0.02715 2.50 0.66 215.3 64.0 175.6 6.1 172.7 4.3 98
Z24 Subrounded-Frat 80 Rim Homogeneous 0.05579 2.05 0.21376 3.13 0.02779 2.36 0.75 444.2 45.0 196.7 5.6 176.7 4.1 90
Z26 Long-Prismatic 200 Rim Homogeneous 0.05219 4.90 0.21003 5.45 0.02919 2.38 0.44 293.8 108.1 193.6 9.6 185.5 4.4 96
Z8 Rectangular 150 Rim Magmatic zonation 0.05730 3.39 0.23179 4.08 0.02934 2.27 0.56 503.0 73.0 211.7 7.8 186.4 4.2 88
Z27 Prismatic-Frat 100 Core Smooth-Mag. zonation 0.05676 2.23 0.35592 3.01 0.04548 2.03 0.67 482.1 48.5 309.2 8.0 286.7 5.7 93
Z9 Prismatic 150 Core Magmatic zonation 0.05523 2.18 0.34719 3.08 0.04560 2.17 0.71 421.3 48.7 302.6 8.1 287.4 6.1 95
Z7 Subrounded 100 Rim Magmatic zonation 0.05255 2.18 0.33054 3.15 0.04562 2.28 0.72 309.5 48.8 290.0 7.9 287.6 6.4 99
Z2 Short-SubPrismatic 150 Rim Magmatic zonation 0.05269 3.04 0.33399 3.72 0.04597 2.16 0.58 315.6 69.1 292.6 9.5 289.7 6.1 99
Z1 Prismatic 200 Rim Magmatic zonation 0.05250 1.53 0.33836 2.92 0.04675 2.48 0.85 307.1 34.9 295.9 7.5 294.5 7.1 100
Z21 Prismatic-Frat 200 Core Homogeneous 0.05546 2.89 0.35930 3.98 0.04699 2.74 0.69 430.7 63.1 311.7 10.6 296.0 7.9 95
Z17 Prismatic 150 Rim Smooth-Mag. zonation 0.05338 1.96 0.35417 3.07 0.04812 2.35 0.77 344.8 43.8 307.9 8.1 303.0 7.0 98
Z22 Rectangular 150 Rim Smooth-Mag. zonation 0.05203 1.52 0.34588 2.79 0.04821 2.34 0.84 286.9 34.8 301.6 7.3 303.5 6.9 101
Z15 Subrounded 100 Core Homogeneous 0.05211 1.21 0.34784 2.59 0.04842 2.29 0.88 290.1 27.3 303.1 6.8 304.8 6.8 101
Z14 Long-Subprismatic 180 Rim Smooth-Mag. zonation 0.05402 1.74 0.36149 2.94 0.04853 2.36 0.80 372.0 38.8 313.3 7.9 305.5 7.0 97
Z12 Long-Prismatic 200 Rim Magmatic zonation 0.05453 2.04 0.43063 2.97 0.05727 2.16 0.73 393.2 45.8 363.6 9.1 359.0 7.5 99
Z11 Subprismatic 300 Rim Magmatic zonation 0.05490 1.06 0.46810 2.58 0.06184 2.35 0.91 408.2 23.8 389.9 8.3 386.8 8.8 99
Z25 Rectangular-Frat. 100 Core Magmatic zonation 0.05481 1.55 0.49841 3.59 0.06595 3.24 0.90 404.5 34.7 410.6 12.1 411.7 12.9 100
Z13 Long-subprismatic 170 Rim Homogeneous 0.05985 4.95 0.54955 6.20 0.06660 3.72 0.60 598.1 103.6 444.7 22.1 415.6 15.0 93
Z3 Long-subprismatic 170 Rim Magmatic zonation 0.05793 1.52 0.53483 2.71 0.06696 2.24 0.83 527.1 33.4 435.0 9.6 417.8 9.0 96
Z16(***) Prismatic 100 Rim Smooth-Mag. zonation 0.07552 4.23 0.48584 5.04 0.04666 2.74 0.54 1082.4 84.8 402.1 16.7 294.0 7.9 73
Z23 Long-Prismatic 100 Rim Homogeneous 0.06469 5.77 0.24645 6.25 0.02763 2.40 0.38 764.3 117.1 223.7 12.5 175.7 4.2 79













Z28 Subrounded 200 Core Smooth-Mag. zonation 0.05831 2.35 0.21603 3.21 0.02687 2.18 0.68 541.6 50.6 198.6 5.8 170.9 3.7 86
Z19 Subrounded 50 Core Homogeneous 0.06091 3.14 0.36995 4.05 0.04405 2.55 0.63 636.0 67.7 319.6 11.1 277.9 6.9 87
(*) in gray, the data used for calculation of weighted averegare age or concordian age.
































Z4 0.167 167 0.0609132 ±0.001285 0.282713 ±0.000026
Z5 0.166 166 0.0608247 ±0.000518 0.282704 ±0.000030
Z14 0.167 167 0.0935329 ±0.002385 0.282643 ±0.000048
Z11 0.172 172 0.0364344 ±0.000525 0.282634 ±0.000020
Z3 0.174 174 0.0278292 ±0.000124 0.282624 ±0.000017
Z16 0.536 536 0.0599110 ±0.001878 0.282519 ±0.000023
Z10 0.580 580 0.0297897 ±0.000401 0.282474 ±0.000019
CAV-40 
Z4 0.172 172 0.0009568 ±0.000039 0.282459 ±0.000030
Z14 0.168 168 0.0005840 ±0.000020 0.282441 ±0.000018
Z3 0.174 174 0.0014928 ±0.000008 0.282463 ±0.000020
Z15 0.168 168 0.0010224 ±0.000028 0.282421 ±0.000023
Z6 0.169 169 0.0021392 ±0.000027 0.282490 ±0.000029
Z17 0.164 164 0.0011385 ±0.000009 0.282433 ±0.000027
Z1 0.165 165 0.0010426 ±0.000013 0.282499 ±0.000021
SCN-2
Z8 0.160 160 0.0012470 ±0.000036 0.282707 ±0.000031
Z2 0.160 160 0.0014507 ±0.000023 0.282693 ±0.000024
Z5 0.178 178 0.0032712 ±0.000088 0.282640 ±0.000050
La Manea-1
Z34 0.156 156 0.0016104 ±0.000008 0.282751 ±0.000044
Z3CORE 0.165 165 0.0012062 ±0.000033 0.282677 ±0.000022
Z27 0.172 172 0.0014138 ±0.000014 0.282404 ±0.000026
Z35 0.173 173 0.0014156 ±0.000017 0.282486 ±0.000028
Z21 0.174 174 0.0006782 ±0.000004 0.282718 ±0.000015
Z8 0.174 174 0.0016046 ±0.000013 0.282558 ±0.000027
Z13 0.176 176 0.0011967 ±0.000026 0.282491 ±0.000021
Z9CORE 0.176 176 0.0009853 ±0.000009 0.282439 ±0.000029
Z36 0.176 176 0.0009126 ±0.000001 0.282359 ±0.000033
Z28 0.177 177 0.0015562 ±0.000024 0.282452 ±0.000043
Z7 0.178 178 0.0006917 ±0.000006 0.282481 ±0.000030
Z12 0.178 178 0.0017838 ±0.000016 0.282615 ±0.000021
Z24 0.179 179 0.0011268 ±0.000001 0.282470 ±0.000018
Z26 0.179 179 0.0013490 ±0.000007 0.282468 ±0.000026
Z4 0.185 185 0.0015254 ±0.000033 0.282439 ±0.000029
Z38 0.187 187 0.0016577 ±0.000025 0.282508 ±0.000060
Z1 0.188 188 0.0013851 ±0.000016 0.282576 ±0.000035
Z23 0.192 192 0.0012489 ±0.000040 0.282453 ±0.000025
Z15 0.194 194 0.0006840 ±0.000007 0.282454 ±0.000020
Z39 0.197 197 0.0544359 ±0.000466 0.282415 ±0.000041
Table 3: Representative results of in situ Lu-Hf LA-ICP-MS-MC zircon analyses for the igneous and sedimentary rocks related with the 
















Z6CORE 0.200 200 0.0024479 ±0.000053 0.282398 ±0.000038
Z19 0.205 205 0.0008463 ±0.000004 0.282457 ±0.000023
Z30 1.479 1479 0.0014250 ±0.000004 0.282123 ±0.000045
CAF-8 pyroclastic level
Z7 0.156 156 0.0016642 ±0.000043 0.282536 ±0.000055
Z6 0.157 157 0.0013138 ±0.000019 0.282548 ±0.000057
Z9 0.158 158 0.0011957 ±0.000015 0.282565 ±0.000054
Z8 0.159 159 0.0010977 ±0.000018 0.282647 ±0.000064
Z5 0.157 157 0.0007659 ±0.000015 0.282652 ±0.000036
Z1 0.159 159 0.0010662 ±0.000005 0.282664 ±0.000038
Z3 0.160 160 0.0018739 ±0.000011 0.282687 ±0.000054
CAF-6
Z1 0.295 295 0.0009556 ±0.000024 0.282437 ±0.000032
Z4 0.271 271 0.0005855 ±0.000010 0.282484 ±0.000017
Z25 0.412 412 0.0010617 ±0.000027 0.282401 ±0.000015
Z2 0.290 290 0.0020516 ±0.000073 0.282500 ±0.000045
Z3 0.418 418 0.0017615 ±0.000017 0.282426 ±0.000028
Z15 0.305 305 0.0009280 ±0.000036 0.282495 ±0.000019
Z7 0.288 288 0.0008115 ±0.000006 0.282506 ±0.000020
Z22 0.304 304 0.0009757 ±0.000012 0.282500 ±0.000016
Z21 0.296 296 0.0010010 ±0.000015 0.282509 ±0.000014
Z5 0.172 172 0.0012383 ±0.000016 0.282620 ±0.000021
Z11 0.387 387 0.0006014 ±0.000004 0.282498 ±0.000017
Z12 0.359 359 0.0010258 ±0.000025 0.282577 ±0.000019
Z28 0.171 171 0.0038589 ±0.000067 0.282765 ±0.000024
Z24 0.177 177 0.0036084 ±0.000040 0.282766 ±0.000029

















Hf (T) ±2σ εHf (T) ±2σ T DM (Ga)
0.282707 0.000026 0.9 0.9 1.0
0.282699 0.000030 0.6 1.1 1.0
0.282635 0.000048 -1.6 1.7 1.1
0.282631 0.000020 -1.7 0.7 1.1
0.282622 0.000017 -2.0 0.6 1.2
0.282502 0.000023 1.9 0.8 1.3
0.282465 0.000019 1.6 0.7 1.3
0.282417 0.000023 -9.2 0.8 1.6
0.282429 0.000027 -8.9 0.9 1.5
0.282439 0.000018 -8.4 0.6 1.5
0.282456 0.000030 -7.9 1.0 1.5
0.282458 0.000020 -7.9 0.7 1.5
0.282483 0.000029 -7.1 1.0 1.4
0.282495 0.000021 -6.6 0.8 1.4
0.282703 0.000031 0.6 1.1 1.0
0.282688 0.000024 0.1 0.9 1.0
0.282629 0.000050 -1.6 1.8 1.1
0.282747 0.000044 2.1 1.6 0.9
0.282673 0.000022 -0.3 0.8 1.1
0.282400 0.000026 -9.9 0.9 1.6
0.282481 0.000028 -6.9 1.0 1.4
0.282715 0.000015 1.4 0.5 1.0
0.282552 0.000027 -4.4 0.9 1.3
0.282487 0.000021 -6.7 0.8 1.4
0.282436 0.000029 -8.5 1.0 1.5
0.282356 0.000033 -11.3 1.2 1.7
0.282446 0.000043 -8.1 1.5 1.5
0.282478 0.000030 -6.9 1.1 1.4
0.282609 0.000021 -2.3 0.7 1.2
0.282466 0.000018 -7.4 0.7 1.5
0.282464 0.000026 -7.4 0.9 1.5
0.282433 0.000029 -8.4 1.0 1.5
0.282502 0.000060 -5.9 2.1 1.4
0.282571 0.000035 -3.4 1.2 1.3
0.282448 0.000025 -7.7 0.9 1.5
0.282452 0.000020 -7.5 0.7 1.5
0.282207 0.000041 -16.1 1.4 2.0
Table 3: Representative results of in situ Lu-Hf LA-ICP-MS-MC zircon analyses for the igneous and sedimentary rocks related with the 
















0.282389 0.000038 -9.6 1.3 1.6
0.282454 0.000023 -7.2 0.8 1.5
0.282082 0.000045 8.3 1.6 1.7
0.282531 0.000055 -5.6 1.9 1.3
0.282544 0.000057 -5.1 2.0 1.3
0.282561 0.000054 -4.5 1.9 1.3
0.282644 0.000064 -1.5 2.3 1.1
0.282650 0.000036 -1.3 1.3 1.1
0.282660 0.000038 -0.9 1.3 1.1
0.282681 0.000054 -0.2 1.9 1.1
0.282431 0.000032 -6.0 1.1 1.5
0.282481 0.000017 -4.8 0.6 1.4
0.282393 0.000015 -4.8 0.5 1.5
0.282488 0.000045 -4.1 1.6 1.4
0.282412 0.000028 -4.0 1.0 1.5
0.282490 0.000019 -3.7 0.7 1.4
0.282501 0.000020 -3.7 0.7 1.4
0.282494 0.000016 -3.6 0.6 1.4
0.282503 0.000014 -3.5 0.5 1.3
0.282615 0.000021 -2.2 0.7 1.2
0.282494 0.000017 -1.8 0.6 1.3
0.282569 0.000019 0.3 0.7 1.2
0.282752 0.000024 2.6 0.8 0.9
0.282754 0.000029 2.8 1.0 0.9
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Highlights 
• A combined U-Pb and Hf isotope study of the main formations related to the 
evolution of the Cañadón Asfalto basin, Patagonia, Argentina was carried out. 
• The Mamil Choique magmatic event between 359 and 230 Ma and the Cañadón 
Asfalto magmatic event between 200 and 150 Ma were recognized. 
• Within the younger magmatic event three magmatic/volcanic cycles with 
different Hf isotopic characteristics are recognized. These are related to the 
Lonco Trapial Formation (C1, ca. 176 Ma), as well as the Las Chacritas (C2, ca. 
166 Ma) and the Puesto Almada (C3, ca. 159 Ma) members of the Cañadón 
Asfalto Formation. 
• These events and basin evolution are discussed against crustal reworking and 
tectonic settings in Patagonia.  
